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FOREWORD 


In January 1971, the Governments of Canada, Alberta, and 
Saskatchewan established a cooperative interdisciplinary study 
group to investigate and report on the cause and effects of low 
water levels in Lake Athabasca. The focus of the investigations 
was directed towards determining the effects of low levels. on 
the Peace-Athabasca Delta located at the West end of Lake 


Athabasca and on the people of the area. 


The information contained in this report covers the ecological 
studies carried out under the Peace-Athabasca Delta Project. The 


complete report consists of: 


Technical Report 

Volume i, Hydrologic Investigations 
Volume 

Volume 3, Support Studies 


The Technical Report provides a detailed analysis of the cause 
and effects of the low water levels and recommendations for 
remedial action. Volumes 1 and 2 contain detailed reports on the 
hydrologic and ecological investigations. The Summary Report, 


based on the Technical Report but presented in nontechnical 


language for public distribution, briefly describes the various 


technical and management aspects of the Project. 


The ecological investigations were coordinated by Gerald H. 
Townsend, who was seconded to the Project by the Canadian 
Wildlife Service. Technical advice in structuring the studies 
was provided by an ecological components committee composed of 


representatives from the Alberta Department of Lands and Forests 


(Fish and Wildlife Division), Canada Fisheries Service, the 
Canadian Wildlife Service, Ducks Unlimited (Canada), the Inland 
Waters Branch (Water Quality Section), the National and Historic 
Parks Branch, the Saskatchewan Department of Natural Resources 
(Fisheries and Wildlife Branch), and the University of Alberta. 
The Peace-Athabasca Delta Project provided logistic and office 


support for the ecological investigations. 


The first four papers include species lists of plants, fishes, 
birds and mammals occurring on the Delta. Sections E, F, and G 
describe the status of three fish species, the walleye, goldeye 
and lake trout, inhabiting the Delta and Lake Athabasca. The 
next section contains information on plankton and _ bottom 


invertebrates of the Delta lakes and marshes. 


Sections I and J describe the major wildlife habitats of the 
Delta, how much is present and where, and how the vegetation 
changes over time due to plant succession. Next are four papers 
which discuss the status of waterfowl, muskrat, bison and moose 
on the Peace-Athabasca Delta. Finally, Appendix 0O describes a 
wildlife computer model written to predict effects of water 
level changes on habitat and populations of the major wildlife 


species. 


The contribution of all individuals and agencies who 
participated in the preparation of these reports is gratefully 


acknowledged. 


The Peace-Athabasca Delta Project Group adopted the policy that 


the participating agencies were responsible for the individual 


reports prepared for the project. The views and opinions 


expressed in the appendices are therefore not necessarily 


of the Project Group. 
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VOLUME 2: ECOLOGICAL INVESTIGATIONS 


Section 


A Checklist of Plants Collected on the Peace-Athabasca 
Delta. 


G. Gentle, Canadian Wildlife Service, Saskatoon, 1971. 


B Checklist of Fishes of the Peace-Athabasca Delta 
Region. 
M. J. Paetz, Fish and Wildlife Division, Alberta 


Department of Lands and Forests, Edmonton, 1971. 


C The Birds of the Peace-Athabasca Delta and of the Lake 
Athabasca Region. 
E. O. Hohn, Department of Physiology, University of 


Alberta, Edmonton, 1971. 


D Checklist of the Mammals of the Peace-Athabasca Delta. 
Lorraine Allison, Canadian Wildlife Service, Edmonton, 


OTA 


E Walleyes and Water Levels in Lake Athabasca. 
Be. F. Bidgood, Fish and Wildlife Division, Alberta 


Department of Lands and Forests, Edmonton, 1972. 


F Status of Goldeye, Hiodon alosoides, Population in the 
Peace-Athabasca Delta. 
A. H. Kooyman, Canadian Wildlife Service, Calgary, 


WT2. 


Investigation of Lake Trout Spawning in Lake 
Athabasca, 1971. 
R. P. Johnson, Saskatchewan Department of Natural 


Resources, Saskatoon, 1971. 


A Survey of Plankton and Bottom Invertebrates of the 
Peace-Athabasca Delta Region. 

D. N. Gallup, P. Van der Giessen, H. Boerger, 
Department of Zoology, University of Alberta, 


Edmonton, 1971. 


Vegetation Mapping and Topography of the Peace- 
Athabasca Delta. 
G. H. Townsend, Canadian Wildlife Service, Edmonton, 


19IZ. 


Trends in Vegetation Succession in the Peace-Athabasca 
Delta. 
H. J. Dirschl, Canadian Wildlife Service, Saskatoon, 


II 2 


Status of Waterfowl on the Peace-Athabasca Delta. 


E. Hennan, Ducks Unlimited (Canada), Winnipeg, 1972. 


Status of Muskrat on the Peace-Athabasca Delta. 
K. Ambrock and Lorraine Allison, Canadian Wildlife 


Service, Edmonton, 1972. 


The Status of Bison of the Peace-Athabasca Delta. 
Lorraine Allison, Canadian Wildlife Service, Edmonton, 


A972. 


The Status of Moose on the Peace-Athabkasca Delta. 
Lorraine Allison, Canadian Wildlife Service, Edmonton, 


UNS 


Simulation of Habitat Succession and Wildlife 
Populations on the Peace-Athabasca Delta. 


G. He. Townsend, Canadian Wildlife Service, Edmonton, 
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AP GHURGK UD ST OF @PLANYS “COLLECTED 
ON THE 


PEACE-ATHABASCA DELTA 


by 


Gary Gentle 
CANADIAN WILDLIFE SERVICE 


Saskatoon, Saskatchewan 


A | 


From mid-summer 1968 to fall 1971, the Canadian Wildlife Service 
carried out landform/vegetation classification and plant 
successional trend studies in the Peace-Athabasca Delta. In the 
course of the field research carried out, vascular plants and 
Bryophytes were collected throughout the 1,700 square mile (4403 


Km.2) Delta complex. 


The following list is derived from 543 collections which include 
56 families, 143 genera and 252 species of vascular plants. 
Bryophyte collections have not been listed pending 


identification verification. 


Identification of the vascular plants have been verified by Dr. 
V. L. Harms of the Fraser Herbarium, University of Saskatchewan, 
Saskatoon. Dr. G. Argus, Department of Environment, Forestry 
Pranch, verified identification of the numerous Salix species 
collected. Voucher specimens are deposited in the Prairie 


Migratory Bird Research Centre, University of Saskatchewan, 


Saskatoon. 


Scientific and common nomenclature are according to Moss (1959) 


and Cormack (1967). 


ALISMACEAE 
Broad-leaved water plantain Alisma plantago - aquatica L. 
Arrowhead Sagittaria cuneata Sheld. 
ARACEAE 
Water arum Calla palustris L. 
ARALIACEAE 


Wild sarsaparilla Aralia nudicaulis L. 


BETULACEAE 
Alder 
River alder 
Alder 
Dwarf birch 
Canoe birch 


BORAGINACEAE 


Beggar-ticks 


Bluebells 


CALLITRICHACEAE 

Water starwort 
CAMPANULACEAE 

Common bluebell 
CAPRIFOLIACEAE 

Twin-flower 

Twining honeysuckle 


Butters 
Wolfberry 


Low bush cranberry 
CARYOPHYLLACEAE 


Sandwort 
Sandwort 


Maguire 

Mouse-ear chickweed 
sand Spunry 

Chickweed 

Long-stalked chickweed 


CERATOPHYLLACEAE 


Hornwort 


Lappula redowskii (Hornen.) 


a eee ee SS 


Greene Var. occidentalis 


Callitriche palustris i. 


———— a SS ee ee ee eS 


Linnaea borealis L. Var. 


americana (Forbes) Rehd. 


—— ee ee Se a re ee ee ee ee SS 


A. “stricta” (MvGhx.) essp- 


dawsonensis (Britt.) 
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CHENOPODIACEAE 


Lamb's quarters 
Oak-leaved goosefoot 


Maple-leaved goosefoot 


Red goosefoot 
CISTACEAE 


Sand heather 


COMPOSITAE 
Common yarrow 
Common yarrow 


FuSssy-= Loess 
Everlasting 


Small-flowered everlasting 


Rosy everlasting 
Arnica 

Biennial sagewort 
Pasture sagewort 
Rayless aster 

Western willow aster 
Purple stemmed aster 
Nodding beggar-ticks 
Fleabane 

Arrow-leaved coltsfoot 


Marsh ragwort 


Goldenrod 


Perennial sowthistle 
Common dandelion 


CORN ACEAE 


Bunchberry 
Red osier dogwood 


CRUCIFERAE 


Rock cress 
Rock cress 
Winter cress 
Bitter cress 


A 3 


Cs. glaucum L. ssp. salinum 


(Standl.) Aellen 
C. hybridum L. Var. 


Se ar ee ee er ae ere 


Hudsonia tomentosa Nutt. Var. 


— <= =e Se ee ee ee ee Se ee oe oe 
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Achillea millefolium L. Var. 


See eee eee a ee See ee ae ee a ee ee ee ee ee 


nigrescens E. Meyer 


A. millefolium L. ssp. 


__ danulosa (Nutt.) Piper 
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S. eremophilus Richards. 


S.- cymbalarioides Nutt. 
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Solidago canadensis L. 


Ss Qraminifolia (L.) Salisb. 
Sonchus arvensis L. 


Se ee ee ae See ee ee a ee ae ee Se ee we ee 


ee ae Se ee ee eee oe Se ee 


Avabasehirsitay(l.) “Scop. 
A. lyrata L. 
Barbarea orthoceras Ledeb. 
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Green tansy mustard Descurainia pinnata (Walter) 

Britton 
De Pinna tage (Waste) piv. Vv dt. 

brachycarda (Rich.) Fern. 

Tansy mustard D. sophia (L.) Webb 

Draba Draba nemorosa L. Var. 
leiocarpa Lindbl. 

Yellow cress Rorippa islandica (Oeder) 
Borbas 

CYPERACEAE 

Sedge Carex aenea Fern. 

Sedge C. aguatilis Wahl. 

Sedge C. atherodes Spreng. 

Sedge C. concinna R.Br. 

Sedge C. crawfordii Fern. 

Sedge Co diandray Schrank 

Sedge C. foenea Willd. 

sedge C. obtusata Lilj. 

Sedge C. richardsonii R.Br. 

Sedge C. rostrata Stokes 

Sedge C. stipata Muhl. 

Sedge C. synchnocephala Carey 

Spike rush Eleocharis acicularis (L.) 
Ro Sask 

Spike rush E. palustris.) Regie. 

Cotton grass Eriophorum Chamissonis 
C.A. Mey 


(Fern.) Hulten 


Hardstem bulrush Scirpus acutus Muhl. 

Softstem bulrush S. WalsdusiVahi- 
FLAEGNACEAE 

Canadian buffalo-berry Shepherdia canadensis (L.) 

Nutt. 

EMPETRACEAE 

Crowberry Empetrum nigrum L. 
EQUISETACEAE 

Common horsetail Equisetum arvense L. 


ERICACEAE 
Common bearberry Arctostaphylos uva-ursi 
(L.) Spreng. 
feathers leat Chamaedaphne calyculata 
(L.) Moench 
Mountain laurel Kalmia polifolia Wang 
Common labrador tea Ledum groenlandicum Oeder 
Blueberry Vaccinium myrtilloides Michx. 
Bog cranberry NV. Vietis-idaca LAlVar 
Minus Lodd. 
FUMARIACEAE 
Pink corydalis Corydalis sempervirens (L.) 
Pers. 
GENTIANACEAE 
Northern gentian Gentianella amarella (L.) 
BOLLE 
GRAMINEAE 
Crested wheat grass Agropyron cristatum 
(L.) Gaertn. 
Slender wheat grass A. trachycaulum (Link) Malte 
Hairgrass Agrostis Scabra Willd. 
Water foxtail Alopecurus aequalis Sobol. 
Northern awnless brome Bromus pumpellianus Scribn. 


Marsh reed grass, bluejoint Calamagrostis canadensis 


Northern reed grass C. inexpansa A. Gray 
Purple reed grass Co. pur pucascens kh.Br. 
Drooping wood reed Cinna slatitolia (Trev) 
Griseb. 
Tufted hair grass Deschampsia caespitosa (L.) 
Beauv. 
Hairy wild rye Elymus innovatus Beal 
Fescue Festuca saximontana Rydb. 
Manna grass Glyceria borealis (Nash.) 
Batchelder 
G. grandis S. Wats. 
Sweetgrass Hierochloe odorata (L.) Beauv. 
Rice grass Oryzopsis pungens (Torr. 
AAtcuc. 
Reed canary grass Phalaris arundinacea L. 
Common reed Phragmites communis Trin. 
Alpine bluegrass Poa Gal pin asekn 
Bluegrass Pemabelicask.Dr. 
Bluegrass P. canbyi (Schribn.) Piper 
Bluegrass Pee glaucdaVdanlil. 
Bluegrass P. interior Rydb. 
Fowl bluegrass Pee palustris 1. 
Kentucky bluegrass P. pratensis L. 


Alkali grass 
False melic 
Whitetop 


Porcupine grass 
Spike trisetum 


FALORAGI DACEAE 
Water milfoil 

HIPPURIDACEAE 
Mare's tail 

HYDROPHYLLACEAE 


Scorpion weed 


IRIDACEAE 

Blue-eyed grass 
JUNCACEAE 

Rush 

Wire rush 

Toad Soush 
LABIATAE 


Hedge nettle 


LEGUMINOSAE 
Milk vetch 
Wild sweet pea 
White clover 
Wild vetch 
LEMNACEAE 


Common duckweed 


Puccine lia nuttallvana 
(SGhUtes jee Chic. 
Schizachne purpurascens 


(Lorre )ieswallen 
Scolochloa festucacea (Willd.) 
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Stachys palustris L. Var. 


Patosa. (NULL. )se Fern: 
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LENTIBULARIACEAE 


Flat-leaved bladderwort 
Common bladderwort 


LILIACEAE 
Wild lily-of-the-valley 
Star-flowered Solomon's seal 
LYCOPODIACEAE 
Ground cedar 
NAJADACEAE 
Pondweed 
Pondweed 
Sago pondweed 
Pondweed 


Clasping-leaf pondweed 


Large-Sheath pondweed 
Pondweed 


NYMPHAFACEAE 
Yellow pond-1lily 
ONAGRACEAE 


Fnchanter's nightshade 
Common fireweed 


ORCHIDACEAE 


Rattlesnake plantain 
Practed bog orchid 


PLANTAGINACEAE 
Common plantain 
POLFMONIACEAE 


Collomia 
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POLYGONACEAE 
Water smartweed 
Common knotweed 
Smartweed 
Golden dock 
Narrow-leaved dock 
Western dock 
Narrow-leaved dock 
POLY PODIACEAE 
Bladder fern 
Fragrant shield fern 
Oak fern 
Common polypody 
Rusty woodsia 
PRIMULACEAE 


Fairy candelabra 


Tutved Loosestrrie 
Star-flower 


PYROLACEAE 


Prince's pine 


One-flowered wintergreen 


Common pink wintergreen 
Arctic wintergreen 
One-sided wintergreen 


PINACEAE 


Balsam fin 
Ground juniper 


Creeping juniper 
Tamarack 

White spruce 
Black spruce 
Jack pine 


P. prolificum (Small) 
BeGeeRoObinsS 

Rumex mMaritimus L. Var. 
fueginus, (Phils) Dusen 


R. mexicanus Meisn. 


ss ee ee Se eee eee 
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——— a SS Se ee ee ee 


Cystopteris fragilis (L.) 
Bernh. 

Dryopteris fragrans 
(LS) ESerots 

Gymnocarpium dryopteris 
(L.) Newm. 


Polypodium vulgare L. 
Woodsia ilvensis 


ee ae ae ee ee ee ee ae Se ee ee 


en a ee eee ee eee Se a 


(Lo) mbar eem Vain 
occidentalis (Rydb.) 


Moneses uniflora). (1s5)) A. Gray 


=—— = — ee SS Se 
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Larix Jaricina(Dutow) pda Kocn 


Picea Voss 


—— ae ee Se 


RANUNCULACEAE 
Red and white baneberry 


Canada anemone 
Prairie anemone 


Tall blue columbine 
White water crowfoot 


Seaside crowfoot 
Yellow water crowfoot 
Macoun's buttercup 
Northern buttercup 


Creeping buttercup 
Cursed crowfoot 


PFOSACEAE 


Saskatoon berry 
Woodland strawberry 


Wild strawberry 


Yellow avens 
Yellow avens 
Silverweed 

White cinguefoil 


Alpine cinquefoil 

Rough cinquefoil 

Marsh cingquefoil 
Pennsylvanian cinquefoil 
Prickly rose 

Common wild rose 
Cloudberry 

Wild red raspberry 


Trailing raspberry 
Wild red raspberry 


SALICACEAE 


Balsam poplar 
Aspen poplar 
Beaked willow 
Pussy willow 
Sandbar willow 


Yellow willow 
Glaucous bog willow 


Actaca Lrubra 


(Aare aGWis lds 
Anemone canadensis L. 


~wolfgangiana (Bess.) Koch 
Aguilegia brevistyla Hook. 
Ranunculus aquatilis L. Var. 


— ae ee ee eee ee ee 


L. Benson 
Re bepens L. 
R. sceleratus L. 


—— eee a SS SS 


Fragaria vesca L. Var. 
americana Porter 


(FE. glauca Rydb.) 
Geum allepicum Jacq. 
G. perincisun 


+ arguta Pursh 
NULtriidae L. 


—— ew oe Sa ee ee 


P. norvegica L. 
P. palustris (L.) Scop. 
P. 


—— SS Se SS ee SS 
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Salix bebbiana Sarg. 


—s SS 


A 10 


Ss 

S- pianaroiia 
Balsam willow S. pyrifolia Anderss. 
Se 
Sie 


rigida Muhl. 
scouleriana Barratt 


Autumn willow S. serissima (Bailey) Fern. 
SANTALACEAE 
Comandra Comandra umbellata (L.) Nutt. 


Bastard toad-flax Geocaulon lividum (Richards.) 
Fern. 
SAXIFRAGACEAE 
Alum root Heuchera richardsonii R.Br. 
Mitrewort Mitella nuda lL. 
Wild black curran’ Ribes hudsonianum Richards. 
Wild gooseberry R. oxyacanthoides L. 
Saxifrage Saxifraga tricuspidata Rottb. 
SCROPHULARIACEAE 
Mudwort Limosella aquatica lL. 
Speedwell Veronica peregrina L. Var. 
xalapensis (H.B.K.) St. 
John & Warren 
SPARGANIACEAE 


Giant bur-reed Sparganium eurycarpum Engelnm. 

Slender bur-reed S. minimum (Hartm.) Fries 
TYPHACEAE 

Common cattail Ty phasckatunoldas da, 
UMBELLIFERAE 

Water hemlock Cicuta maculata L. Var. 

angustifolia Hook. 

Cow parsnip Heracleum lanatum Michx. 

Water parsnip Sium suave Walt. 
URTICACEAE 


Common nettle Urticadract ies Ait. 


All 
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PEACF-ATHABASCA DELTA REGION 


by 


Martine J sPactz 
ALBERTA DEPARTMENT OF LANDS AND FORESTS 


Edmonton, Alberta 


Of the 47 species of fish indigenous to the Province Ofe Alberta, 
18 are found in the area described as the Delta region. Although 
several salmonid fishes, i.e., rainbow trout, brook trout and 
splake have been introduced into lakes in Wood Buffalo National 
Park, these lakes are isolated bodies of water which do not have 
surface drainage connections with waters of the Delta area. 
Also, there is no evidence of any of the non-indigenous 
salmonids introduced in headwater areas of the Peace OSE 
Athabasca systems having found their way to the Delta POLtLons 
of these systems. The following list of species present in the 
area therefore represents those fishes which naturally invaded 


the area after the retreat of the Keewatin ice sheet. 


SALMONIDAE 

Shallow water cisco Coregonus artedii LeSueur 

Lake whitefish Coregonus clupeaformis Mitchill 

Short jaw cisco Coregonus zenithicus Jordan 

and Evermann 

Lake trout Salvelinus namaycush Walbaun 

Arctic grayling Thymallus arcticus Pallas 
ESOCIDAE 

Northern pike Esox lucius Linnaeus 
HIODONTIDAE 

Goldeye Hiodon alosoides Rafinesque 
CYPRINIDAE 

Fmerald shiner Notropis atherinoides Rafinesque 

Spottail shiner Notropis hudsonius Clinton 

Flathead chub Platygobio gracilis Fichardson 
CATOSTOMIDAE 

Longnose sucker Catostomus catostomus Forster 


White sucker Catostomus commersoni Lacepede 


GADIDAE 


Burbot (ling, maria) Lota lota Linnaeus 


PERCOPSIDAE 

Trout-perch Percopsis omiscomaycus Walbaum 
GASTEROSTEIDAE 

Brook stickleback eCulaeal anconstans) Kintilandgd 


—— eed 


Ninespine stickleback Pungitius pungitius Linnaeus 


PERCIDAE 

Walleye Stizostedion vitreum vitreum Mitchill 
COTTIDAE 

Slimy sculpin Cottus cognatus Richardson 
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THE BIRDS OF THE PEACE-ATHABASCA DELTA AND OF 
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Department of Physiology 
Univers: by of Ail perta 


Edmonton, Alberta 


TABLE OF CONTENTS 
Page 


MIST OF FIGURES ee eT Pert ie Eclotels oltie ce ehe clelalets wie lefeC Ld 
INTRODUCTION weccwcees ccc cee cee POSTE oer woe fa the ciate ccatets «Gl 
Ornithological Work in the Area ES Wiha fod aaah esi ajee so CZ 
Zoogeographical Comments on the Bird PPEECONGis le icldte 0's! aa arete OS 
The Delta Oe ue ee Ge er Pe ere ee ee ee ee 
“uN TSTGES TERCTOL § aec CEO ae ar Oar OP ree Pere nen 
ACKNOWLEDGEMENTS eee Pert Keloisievelc slates «© etelece wee co 


ANNOTATED EisyT OF REFERENCES Re aR Ot ee er are ie aia ets Seketaie O'S 


Ci 


Figure 1. 


Figure 2. 


Figure. 3: 


LIST OF FIGURES 
Following 
Page 


Boundary of Lake Athabasca Maio Boocaodnod Je” 
Boundary between Mackenzie Lowland Forest 
and © Boreal. forest, ewithmecdge gor Tazin 


Highlands indicated by dottedelinemescs sc sce eG 4 


Soundings in Lake Athabasca about the 
interprovincial boundary BAA pA Wadd beat OSs 


INTRODUCTION 


In connection with the tabular account presented below, I would 
explain that my field work has been concentrated in the portion 
of northeastern Alberta east of Wood Buffalo Park and thus east 
of the Delta. Information about the birds of the Delta has 
therefore been obtained from the literature and from unpublished 
records made by Mr. T. M. Shortt of the Royal Ontario Museum and 


Evyeeror. We) R. Salt) of the University of Alberta. 


While the Delta is a well-defined region, the decision as to the 
Jimits of the Lake Athabasca region, which for the purposes of 
the table below, excludes the Delta, was more arbitrary and was 
influenced by the avifaunal publications available. As shown in 
Fig. 1, it includes all of Wood Buffalo Park (except the Delta), 
the northeastern corner of Alberta, and a zone around the shores 
of Lake Athabasca eastward as far as a point between Stony 


Rapids and Black Lake, Saskatchewan. 


Eorea description of “this area, the reader is referred to 
Soper's account (p. 20-27, Soper, 1942) of Wood Buffalo Park and 


Nero's account of Lake Athabasca (p. 12-23, Nero, A963) ~ 


As the English bird names used in the table are those of the 
American Ornithologist's Union "Check-list of North American 
Birds, ™ tirth edition; 195/7;) andeas this and a number of recent 
bird guides give these names along with the accepted scientific 
names, oe latter have been omitted in the table below. An 
asterisk following a bird name indicates that a specimen has 


been collected within the Lake Athabasca region, an this case 
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including the Delta. As to the terms used in the table: 
"migrant" indicates that the species in question only passes 
through the area “on migrations resident's that ts toebe found 
in the area at all times of the year; "summer resident" that it 
is only present during the summer half of the year; "breeds" 
indicates that there are specific breeding records for the area; 
"local" indicates a patchy rather than a general distribution; a 
dash indicates that the species is not found in the area in 
guestion; while no entry merely indicates that there is 


insufficient information to indicate its status. 
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The major facts about work by others published of unpublished 
are diven in the annotated "list of references. It should be 
added, however, that F. Harper, in addition to his 1914 Journey 
described in his thesis of 1925, also worked on Lake Athabasca 
in 1920. His 1920 findings have not been published, but Nero was 
able to see those made in Saskatchewan and Nero's publications 
(19€3 and 1967a) cite those of Harper's records he deemed 


noteworthy. 


My own travels in the area can be summarized as follows: 


1969 - Based at Chipewyan, June 2-6, boat journey to Fiddler 
Point where camped on the 3rd, return to Chipewyan next 


day. June 5 by boat=to Poplau asdandgiote Olde route Porn. 
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1970 - January 27-30, stay at Eldorado, Saskatchewan, With 
drives to Uranium City and Bushell. July 10-14, camped at 


Andrew Lake, Alberta. 


1971 - June 22 and 23, based at Fldorado, camped on Lillabo Lake 
on the Alberta-Saskatchewan border south of Lake 
Athabasca. June 24 walked to south shore of Lake 
Athabasca. June 25 and 26 followed lake shore west as far 
as Stone Point, then back to a few miles east of Point 
Buutes duly 2ecndsduby sboet rom Bushell west as) fae “Sas 
Bustard Island with stops at various islands and islets 


en route. July 5-8, camped at Leland Lake, Alberta. 


1972 - March 9-13, stayed at Chipewyan with local walks and 
drives to "Sweet Grass" near the Peace River and the "Dog 


Camp" west of Chipewyan. 


The floras and faunas over broad land zones, which are basically 
climatically conditioned, show great overall similarity within a 
zone, and contrasts with adjacent zones. Due allowance has to be 
made for small-scale local diversity due to different habitats, 
of which there may be several up to many in any zone. The 
concept of life zones as applied particularly to North America 
is due to C. H. Merriam (1893), and a general account of this 
topic as applied to Canada only is given by Anderson (1937)5 
Some writers consider that a concept of biological communities 
is more appropriate. The writer, like Nero in his publication on 


the area under discussion, prefers to use the older system; but 
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the relationship between the two systems aS applied to the area 
in question can be tabulated as follows: 


Community or Ecotone (Ecotones are broad Life Zone 
areas of overlap between two communities 
which may have a few distinctive species 


of their own) 


Tundra Aretye 
Tundra-coniferous forest ecotone Hudsonian 
Coniferous forest Canadian 


The Lake Athabasca region as here defined lies entirely in the 
Canadian Zone: but in Life zone mapsepublished Eas= recently gece] 
Anderson's (1937), the border between the Canadian and Hudsonian 
Zones is drawn at’ a Slant from the northwest” to7 the southeast 
across Lake Athabasca between its western one-third and its 
eastern  two-thirds,. i.e., much of the castern- part Of ouGearea 
was then considered to lie in the Hudsonian Zone. AS this zone 
has no distinctive mammal species, its recognition depends 
mainly on key elements oye the breeding bird fauna, 
characteristic species being the tree and Harris" sparrow and 
the gray-cheeked thrush. Due to the well-known recent climatic 
amelioration of the boreal region, life zone boundaries have now 
shifted so that the Canadian Hudsonian boundary in the area 
under discussion runs at the same slant as before but across the 
eastern corner of northern Saskatchewan (see map, p.- 6 in Nero, 
1967a), and thus beyond the Lake Athabasca area. Nevertheless, 
as Harper (1931) pointed out, there was evidence (much of it now 
changed due to climatic amelioration since he worked there) that 
a relatively higher-lying area (see sketch Fig. 2) which he 


called the Tazin Highlands, extending from the north shore of 
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Lake Athabasca towards Great Slave Lake, partly in Alberta, 
partly in Saskatchewan, and also in the N.W.T., represented a 
Beare lyedistinet, | faunal) area Characterized by a mixture of 
Canadian and Hudsonian elements. The climatic amelioration 
already mentioned has since allowed certain Canadian Zone bird 
species which he found absent there to invade it successfully; 
but even now there is something distinctive about this area an 
such features as the absence of the red-tailed hawk and, once 
one is well within it, of the white-throated sparrow. Future 
work is likely to add further distinctions between the Tazin 
Highlands and more evidently Canadian Zone areas to the west and 
south such as the Slave River lowlands, the Athabasca Delta, and 
the generally low-lying land south of PhewPAlyertas portzen “OL 


Lake Athabasca. 


Although the whole region is now in the Canadian Life Zone, 
there are still certain broad differences between the avifauna 
Bfeeits western and its eastern portion. In the west 1s the 
Mackenzie lowland forest, mainly on lowland alluvial” ysand;. and 
to the east, the boreal forest on the Precambrian Shield; there 
is also a climatic difference, the east being colder than the 
west and the dividing line following roughly the same line as 
the border between the features named (Fig. 2). A number of 
birds are summer residents and breed or probably breed in the 
western area and are either altogether absent or much scarcer in 
the eastern portion. They are: blue-winged teal, canvasback, 
ruddy © duck, sora ‘rail, Jeast flycatcher, house and winter wren, 


starling, red-eyed and warbling vireo, black-throated green 
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warbler, ovenbird, northern waterthrush, mourning wanblen, 
yellowthroat, Canada WaADbler, Ledstant, ssc Get re rose-breasted 


grosbeak. 


Another east-west difference, the line of demarcation this time 
following the Alberta-Saskatchewan border, ts) shown 7Dy s tue 
Arctic tern. Apart from within an area well south of Lake 
Athabasca (Nero, 1963), this bird breeds freely on many islands 
in the Saskatchewan portion of the Lake as close to the 
interprovincial border as islets off Grey Willow Point; but, as 
my examination of most likely islands in the Alberta portion of 
the Lake in 1971 showed, it does not nest in Alberta. AS Figo 
shows, this part of the Lake is generally shallower than the 
Alberta portion; it is also more muddy due to the inflowvorsetue 
Athabasca and at times the Peace River. These features may 
affect the available food supply in a way that is important. 7/10 
Arctic but not common terns, for the latter breed over the whole 


Lake. 


THE DELTA 


— ee 


The Peace-Athabasca Delta forms the northern limit of breeding 
of the redhead, Franklin's gull, long-billed marsh wren, and the 
yellow-headed blackbird. While it is of great importance aS a 
waterfowl staging area and of considerable importance as a 
waterfowl breeding area, it is of less importance to shorebirds. 
Most species only pass through it as migrants cand) ino tes gay ery, 
large numbers. The most common breeding shorebird, the ccmmon 


sandpiper, breeds along rivers and water channels and would thus 
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SOUNDINGS IN LAKE ATHABASCA ABOUT 
THE INTERPROVINCIAL BOUNDARY 


Based on Canadian Hydrographic Service 1:250,000 
map, published in 1959. The original map indicates 
a seasonal change in water level of up to 8 feet. 


Cal, 


be little affected by changing water levels. Apart from 
waterfowl, the species which are adversely affected by low water 
levels are marsh breeding species like the bittern, rail and the 
coot, the common snipe and lesser yellowlegs, marsh wren, 


Franklin's gull, black tern, and yellow-headed blackbird. 
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CHECKLIST OF THE MAMMALS OF THE 


PEACE-ATHABASCA DELTA 
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CHECKLIST OF MAMMALS 


The Peace-Athabasca Delta supports a wide variety of mammals. 
They range from the smallest living mammal - the pigmy shrew - 
to the largest land mammal in North America, the bison. Mammals 
are found in every plant community on the Delta. Muskrats and 
beaver inhabit the ponds and streams, mice and bison are found 
in the meadows, moose in the mixed woods, and squirrels in the 


conifers. 


The following mammals are known or believed to be inhabitants of 
the Delta region. Scientific and common nomenclature are 


according to Hall and Kelson, North American Mammals, 1959. 
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SORICIDAE 
masked shrew - Sorex cinereus 
arctic shrew - Sorex arcticus 
dusky shrew - Sorex obscurus 
northern water shrew - Sorex palustris 
pigmy shrew - Microsorex hoyi 
VESPERTILIONIDAE 


big brown bat - Eptesicus fuscus 
hoary bat - Lasiurus cinereus 
URSIDAE 


black bear - Ursus americanus 


PROCYONIDAE 

raccoon - Procyon lotor - one trapped in 
MUSTELIDAE 

marten - Martes americana 

fisher - Martes pennanti 

shorttail weasel - Mustela erminea 


mink - Mustela vison 


arctic fox - Alopex lagopus 


FELIDAE 


lynx - Lynx canadensis 


SCIURIDAE 
woodchuck - Marmota monax 
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red squirrel - Tamiasciurus hudsonicus 


ee ee ee ee a ee iw ee me ee ae eo we ee 


flying squirrel - Glaucomys sabrinus 


1930 
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CASTORIDAE 


beaver - Castor canadensis 


CRICETIDAE 


northern bog lemming - Synaptomys borealis 
mountain phenacomys - Phenacomys intermedius 
boreal redback vole - Clethrionomys gapperi 
meadow vole - Microtus pennsylvanicus 
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ZAPODIDAE 


meadow jumping mouse - Zapus hudsonicus 


ERETHIZONTIDAE 


porcupine - Erethizon dorsatum 
LEPORIDAE 
varying hare - Lepus americanus 
CERVIDAE 
mule deer - Odocoileus hemionus 
moose - Alces alces 
woodland caribou - Rangifer tarandus sylvestris 
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BOVIDAE 


wood’ x plains Jbisony hybrid bt scOnmDEsonel SOlexmer ison 


3 NOILLOAS 


WALLEYES AND WATER LEVELS IN 


LAKE ATHABASCA 


by 


Bowe eb agood 
FISH AND WILDLIFE DIVISION 
Department of Lands and Forests 
Government of Alberta 


Edmonton, Alberta 


TABLE OF CONTENTS 


Page 


GaST OF FIGURES eer ee Oe OO iat aia hat ave ataletele DORE sce ELA 


L Is Ab OF Ald ABLES eee _ @eeeeoaoeeexu2s54605esesowesesegsts8tkeeege e288 
INTRODUCTION @eeoeeoeaoeeeanee34ueo+eet#eeasteeaoeeeseeee@aeenkeeeeneees 
METHODS, MATERIALS AND RESULTS .aeceeeccececen 


SUMMARY @e@eeooweaeeeu82vaoeeaneee*@*eeeeaneeeeeee e@eeeoodoeose. @eeseecees 


197-1 ereeosteeecsee#e#eeeeen2e<esee7n8, eee@e#eane @ @eeteooaoweese28 @ 


1972 @eeeeeasee2eee20uoodc344a2eec¢efee0a82c08e8e28@@2e@72eecee@88@828282808088288208082 0282080 


DISCUSSION @eeeoe eeoeeaenaeeeaeeewmteeereaereeeeeaeenteaeeeneee 


REFERENCES CITED eeneoeeeaeaovoeeseeeeecsceeeee#eeeeenseeeee#e 


e@eoee2 ce 8 CR AY 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


LEST SOF GRLGURES 


Following 


Page 


Number of marked walleyes recaptured in 
two Lake Athabasca commercial fisheries 
after being tagged in the Richardson Lake 
complex in 1967 to 1969 inclusive. The 
year tagged followed by the year of 
recapture are subscript to the number of 
tag recoveries. The hatched areas 
designate closure to commercial fishing .....E2 


Flow of water and migration of adult and 
young-of-the-year walleyes into and out of 
the Richardson Lake complex during the 
spring and early Summer Of eo erstaisceretstanntere 0 


Number of walleyes in four age classes in 
samples collected at three locations 
associated with Lake Athabasca. Fish with 
seven annuli or more are all included in 
the sample with seven Riker nen Oe ee oie 


Flow of water and migration of adult 
walleyes into and out of the Richardson 
Lake complex during the springsoLsi9/2 ieiavers tee 


East view of outlet channels from 
Richardson Lake (bottom) to Jackfish Creek 
(top) on May 31, 1972. The Maybelle River 
Channel is located on the extreme regains (e)r8 
the picture ...-+-2eeeees etoleloisis WS eet eae 


Daily discharge of water in the Athabasca 
River for three consecutive months of 
eight consecu Cl Ve Ry ca late i tafe E18 


E iii 


Pipigor vABLES 


Ity 
| 
tQ 
1o 


Table 1. Weight in pounds of walleye and northern 
pike commercially harvested from 
Richardson Lake and Lake Athabasca in 
Alberta and Lake Athabasca in Saskatchewan 
Ine inesconusecutlveny cadis v.10. + slelc cers ave os late ARs ae 


Table 2. Species and number of fish collected in 
four tributary streams of the south shore 
of Lake Athabasca between April 27 and May 
DAT MALO El tote teteie tects: © 5 Se OOGAE ehctelsere ste] og se"e. seis ete ae E10 


Table 3. Mean fork length (mm) of samples of four 
age classes of walleyes from Alberta and 
Saskatchewan waters of Lake Athabasca. 
Highly Significant, p=.01 (> ir: 
Significant, p=.05 eae and non- 
Significant (n.S.) comparisons of means 
are indicated. The sample size in each age 
class is presented in brackets. Male and 
female fish were combined in these samples ...5E13 


a2 ‘eriseane -—aS 

ioc oor 4 +i neeeps fae seen rdaeed 

ce ec eettry was aceres ee te oe 

. «= SRR = 2 Sete Se eee i ieee ee nae 


a 8 Pea ST 


es ahha inka 3%) 
ute) te eevee he were eis 
Pa é*e28 Seeces2i. 52 84' 26 
es see -25 902.9% 2957722 as 
. a oe De 
Ye mw af PHBOSSL MAG! whee 
cere ttee’ 38 epeecio’ ee 
$5 SRObS? | eal : tera? “ererecoi sys 
baba i baordet 9 cose 


> mm: & 
ae © 
= | 
sever 
Oe os) 
w 


° = ta i i | 


a Fara 


Eon 


INTRODUCTION 


Walleyes, Stizostedion v. ‘ vitreum (Macchi), have been 
traditionally harvested for human consumption and dog food by 
the native people of Lake Athabasca and the Athabasca River 
area. A commercial fishery for this species has operated in the 
Alberta portion of Lake Athabasca since 1943. In the spring of 
1961, a commercial fisherman discovered walleyes concentrated in 
Richardson Lake, a shallow lake of 28 square miles located 20 
miles south of and @raining into Lake Athabasca through the 
Athabascd River Delta (Fig. 1). The following spring about 
150,000 pounds of walleyes were netted in Richardson Lake and 
included with the commercial quota set for Lake Athabasca. In 


1963, a commercial fishery that preceded the fishery in Lake 


Athabasca was approved for Richardson Lake. 


Ecological studies on the walleyes in Richardson Lake were 
initiated in 1965 and continued to 1969. These investigations 
documented the cyclic movement of walleyes in the Richardson 
Lake complex, the Athabasca River Delta, and Lake Athabasca 
(Fig. 1). Mature walleyes were migrating into the Richardson 
Lake complex in the spring, spawning, and returning through the 
Athabasca River Delta and the shallow waters of Lake Athabasca 
to the oligotrophic, Saskatchewan waters of the lake. These fish 
were returning to the Richardson Lake complex the following 
spring to spawn. This movement of walleyes was 4a ma jor 
contribution to three commercial fisheries: one in Richardson 


Lake, one in the Alberta waters of Lake Athabasca, and one in 


the Saskatchewan waters of the Lake (Table 1). AS a result of 
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these studies, Richardson Lake was closed to commercial fishing 
aiipe (907 ,.8 thus permitting uninterrupted spawning of this 
concentrated walleye population and allowing these fish to be 


harvested in Lake Athabasca when they returned from spawning. 


The Peace River, a hydraulic dan, governs water levels in lake 
Athabasca by controlling the rate of discharge of water from the 
lake through the Riviere des Rochers and Chenal des Quatre 
Fourches to the Peace River (Fig. 1). In 1968, a hydroelectric 
dam on the Peace River at Hudson Hope, British Columbia, became 
Operative. The reduced discharge in the Peace River increased 
the rate of water drainage from Lake Athabasca to the Peace 
River, lowered water levels in Lake Athabasca, lowered water 
levels in the Richardson Lake complex, and altered the course of 


the Maybelle River. 


The Maybelle River, a suspected Spawning area for walleyes in 
the Richardson Lake complex, now discharged directly into 
Richardson Lake. In years prior to the establishment of the 
Peace River Dam, the Maybelle River followed a separate river 
channel that flowed directly into Jackfish Creek of the 


Athabasca River Delta (Bidgood, 1971). 


Observations on the water levels and movements of Walleyes in 
the Richardson Lake complex were conducted from March to June, 
1971, and March to June, 1972. Observations on the movements of 
walleyes into rivers tributary to the southern shore of Lake 
Athabasca in Saskatchewan were conducted from late April to mid- 


May of 1971 to determine the extent of Spawning and recruitment 
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’ 


of walleyes in this area. This report documents the movements of 


walleyes into the Richardson Lake Complex and the spawning and 


recruitment success of this population in these two years. 
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NETHODS, MATERIALS, AND RESULTS 


The headwater lakes of the Maybelle River contain sufficient 
dissolved oxygen to allow winter survival resident populations 
of walleyes. The populations present in these headwater lakes 
(Turner, 1968) are not necessarily a result of an annual spring 
migration from Lake Athabasca. On April 21, Loi enoe yqen 
readings taken through the ice of one of these headwater lakes 


registered over eight parts per million. 


Walleyes were observed on a spawning migration into Jackfish 
Creek of the Richardson Lake complex early in March, 1971 (Pigs 
2). The migration of these fish into the Richardson Lake complex 
was stopped in Jackfish Creek at this time. Soundings made 
through the ice at the outlet channels of Richardson Lake 
revealed that the water under the ice was too shallow (at this 
time) to allow the walleyes in Jackfish Creek access tC 
Richardson Lake or the Maybelle River, since the Maybelle River 
water was diverted directly into the Richardson Lake basin. On 
March 24, domestic gill nets set through the ice of Big Point 
Channel at the confluence with Jackfish Creek, and in Jackfish 
ereck, Were Capturing, mature walleyes. A walleye tagged in 
Jackfish Creek on May 24, 1967, was recaptured in these nets on 


Beauon 25, <197 1. 


Walleyes did not enter Richardson Lake until the ice left Big 
Point Channel of the Athabasca River. At this time, the 
Athabasca River water and the Maybelle River water raised the 


water level in Richardson Lake and the water flows reversed, 


aie. 


with Richardson Lake draining into Big Point Channel (ride 2) 
Walleyes then entered Richardson Lake and spawned within a two- 
week period. Until April 22, melting ice-water in Richardson 
Lake and the Maybelle River water trickled through Jackfish 
Creek to Big Point Channel. On April 23, when the ice left Big 
Point Channel, the water level rose in the channel and forced 
ice, water, and debris into Richardson Lake through Jackfish 
Creek. The Maybelle River flowed directly into Richardson Lake 
and assisted in raising the water level of the Lake (Fig. 2a). 
Floating ice and debris in Jackfish Creek and Richardson Lake 
made successful sets of fishing gear in these waters impossible. 
On April 30 the flow of water reversed, and Richardson Lake and 
the Maybelle River drained through Jackfish Creek into Big Pointe 
Channel (Fig. 2b). Gill nets set after April 30 in the outlet 
channels from Richardson Lake captured mature and ripe walleyes. 
On May 13, 150 yards of gill nets set in Richardson Lake yielded 
“36 walleyes. All the femates in the 230 fish sampled from this 


catch had completed spawning. 


Mature and ripe walleyes migrating into the Richardson Lake 
complex were not migrating up the Maybelle River but were 
spawning in Richardson Lake. On April 23," 97 l7.Wncu breakup of 
the Maybelle River was still in progress, a fyke net was set to 
capture upstream migrants in the river. The crib was examined 
daily and the net was fished continually until June 2. Northern 
Pike, Esox lucius L., white suckers, Catostomus commersoni 
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(Lacepede), and longnose suckers, Catostomus catostomus 
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(Forster) were captured on spawning migrations up the Maybelle 


FIG. 


| WATER FLOW 
ADULT -WALLEYE “@*< 
Y-O-Y-WALLEYE <= 
Miles 
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Flow of water and migration of adult and young- 


of-the-year walleye into and out of the Richardson 
Lake complex during the spring and early summer 
of 1971 


EZ 


River, but only two walleyes were captured during the period 


fished. 


A migration of walleyes up the Maybelle River probably occurred 
prior to 1968 when higher water tlevels wee present in the 
Richardson Lake complex. Turner (1968), when conducting surveys 
of lakes located at the headwaters of streams tributary to the 
Athabasca River Delta and Lake Athabasca south of the Delta in 
Alberta, noted the presence of walleyes in only six of 19 lakes 
surveyed. All six lakes were located on the headwaters of the 
Maybelle River. The fish in these lakes probably originated from 
the spawning migration of walleyes into the Richardson Lake 


complex, with some fish remaining as residents. 


Walleyes migrating into the Richardson Lake complex early in 
1971 (March to April) did not have access to the Maybelle River. 
Samples of walleyes from the Richardson Lake complex in the 
Serrugess or palGcs Gorm 196o>. inclusive yancluded both spent and 
maturing females. No maturing fish were present in _ the AT 
sample. Immediately after spawning, under conditions of warm 
water and an abundant food supply, female walleyes begin 
developing new gonads and eggs for the following year. The 
maturing Gaitleres in these Samples probably spawned a 
considerable period of time ahead of the spent individuals. 
These fish would have moved into the Richardson Lake complex and 
Spawned in the warm waters of the Maybelle River system ahead of 
the fish that moved in and spawned in Richardson Lake when the 


ice left the lake. Under the low water regimes now present in 


the Richardson Lake complex, this movement of the early arrivals 
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(March tow April) *inco Jackfish Creek and up the Maybelle River 
TS enOLe TpOSsr 0 Le. en addition, during May and June of 1965 to 
1969, spent walleyes could be taken by angling in the deep pools 
of the Maybelle River. The propest1 ono: suic spawning migration 
of walleyes into the Richardson Lake complex that utilized the 


Maybelle River system prior to 1968 is unknown. 


Gill nets are an inefficient method of sampling the spawning 
migration of walleyes into the Richardson Lake complex. There is 
no doubt that the Richardson Lake walleye population is a major 
contributor to the Lake Athabasca commercial harvest of this 
species. Gill nets readily filled with debris when set in the 
outlet channels of Richardson and did not fish ssefficiently sn 
an attempt to assess the number of days that adult walleyes 
remained in Richardson Lake relative to water levels and flows, 
418 walleyes were captured, tagged, and released in the outlet 
channels from April 30 to June 7. No marked fish returning from 
Richardson Lake were recaptured in these nets. Twenty-one of 
these marked fish were reported recaptured in the Alberta 


commercial fishery on Lake Athabasca. 


The walleyes in Richardson Lake could be spawning on the western 
shore of Take Athabasca. The tributary waters here discharge 
clean, clear water into the lake over a sand bottom. 
Observations from aircraft, which were subsequently verified 
with gill net sets, revealed that lake whitefish were actively 
feeding in large numbers in the clear waters along the west 
shore of the Lake (Fig. 2). Walleye, a crepuscular species (Ali 


and Anctil, 1968) that avoids direct sunlight, could be spawning 


bey 


in this area at night. Lake whitefish could be feeding on the 


Spawn and/or young-of-the-year walleyes. 


Post-spawning walleyes from the Richardson Lake complex are 
migrating along the southern shore of Lake Athabasca to the 
deeper waters in the Saskatchewan portion of the Lake (Fig. 1). 
Streams on the Alberta side were examined for spawning 
migrations. Walleye were not observed migrating up Crown Creek, 
Geom DUCA yeOImOLd hOrtebay,e in Aprile On Aprils 22,0519 7iliyera gill 
net was set across Crown Creek. No nets were set in the other 
ewommla jor tributaLty stieams of Old Fort Bay, OldePort River mand 
Harrison Creek, since at this time they were still ice covered. 
The Crown Creek net, pulled on April 24, contained no fish. The 


net was filled with debris and was ineffective. 


The streams tributary to the southern shore of Lake Athabasca in 
Saskatchewan are mot major spawning and recruitment areas for 
walleyes. Pound nets, hoop nets, gill nets, and seines were 
eipvoyvecdmrLOnumeApril mec) toe Mayo 20,0 .19/1, tO) Capture “fish 
migrating into the following four drainage systems of the south 
shore of Lake Athabasca: Willian River, Ennuyeuse Creek, 
Dumville Creek, and West Dumville Creek (Fig. 1). No mature 
walleyes were aaystarneetl in these four drainage systems (Table 2). 
One immature walleye (FL 4.3 inches) was captured in a_ seine 
haul in Ennuyeuse Creek and was a member of the 1970 year class. 


The species of fish captured in these four tributary streams is 


tabulated in Table 2. 


Young-of-the-year (y-o-y) walleyes (TL: x =19.3mm) were actively 
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Table 2. Species and number of fish collected in four tributary 
streams of the south shore of Lake Athabasca between 
April 27 and May 20, 1971. 


———— ne 


— aan 


Species | TriputaLy oulecam 
William Ennuyeuse Dumville West 
River Creek Creek Dumville 
Se ee ee 
Northern pike 126 105 40 89 
White sucker ahsht) 4 Bu 1 
Longnose sucker 130 24 we 2 
Lake whitefish 30 38 1 0 
Round whitefish 1 0 0 0 
Grayling 3 0 es) 0 
Burbot 3) 1 1 2 
Sculpin 1 0 3 0 
Spottail shiner 0 & 5 57 
Emerald shiner 0 18 1 12 
Lake chub 556 0 1 30 
Ninespine stickleback 102 0 1 8 
Trout-perch 0 0 2 2 
Walleye i 0 0 0 1 


Brook stickleback 0 2 0 0 


Oe a a Se er aaa 
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swimming in Richardson Lake and leaving through Jackfish Creek 
Poebige POInteChanneia (Viq.62C) . OTrawieewith meter nets! and’ halt 
meter nets captured y-o-y walleyes in Jackfish Creek as early as 
June 3, (9/tite TrawlseSundertaken “ate ’Séveral Vocations an 
Fichardson Lake frem June 17 to June 20 captured y-o-y walleyes. 
These fish were distributed throughout the entire lake. Y-o-y 
burbot, suckers, spottail shiners, emerald shiners, and mountain 
whitefish were also captured in these meter net tows, as well as 


adult ninespine sticklebacks. 


ielol0d a coesdipletOLe 24 eywadleyes? Captured Sin “Gill nets?! ain 
hecherdsons Lake “on? May: 137019717)7- waS-examinéd foriséx.° Scales 
were removed for age determination. In June of the same year, a 
sample of 499 walleyes was collected from the commercial 4-inch 
mesh nets set in the Alberta waters of Lake Athabasca. The fork 
dength and total “length of each fish was recorded, and scales 
WeEeul ChOV CO “DOStehiaor =topthe pectoral 'fin@and below#the lateral 
line on the left side of each specimen for age determination. In 
July and August of the same year, a sample of 500 walleyes was 
collected from the 4 3/4-inch mesh nets set in the Saskatchewan 
waters of Lake Athabasca. These three samples of fish were 
compared to determine if the fish in these three areas were 


members of the same population. 


The Richardson Lake sample had a higher proportion of four-year- 
old fish than did either the Alberta or Saskatchewan sample of 
Walleyes (Fig. 3). Male fish with four and five completed annuli 
dominated the Richardson Lake sample. Five-year-old fish were 


dominant in both the Lake Athabasca samples. Rawson (1957), in 


Bp 


studies of walleyes in Lac La Ronge, observed that male walleyes 
arrive first on the spawning beds and remain longer than the 
female fish. Bidgood (1971) found that four-year-old male 
walleyes were predominant in the Richardson Lake samples since 
they mature for the first year of spawning one year earlier than 
the females. These two factors probably account for the large 
numbers of male fish and the larger numbers of four-year-old 
ficheeiny thiss Ssanpleratronaathe Richardson Lake spawning 


population. 


The sample of walleyes from the Saskatchewan POreton of st he! Gare 
had a larger number of five-year-old fish than did the sample 
from the Alberta portion of the Lake. The Alberta fishery that 
precedes the Saskatchewan fishery used 4-inch stretched mesh 
gill nets, whereas the Saskatchewan fishery used» 49 93/74%-1ineh 
stretched wesheenetsss Gill enet Mselection siorelarcciei cia 
Saskatchewan could account for the higher proportion of five- 


year-old fish in the Saskatchewan sample. 


A comparison of the growth rates of walleyes from the Alberta 
fishery, captured with 4-inch stretched mesh gill nets, and the 
Saskatchewan fishery, with 4 3/4-inch stretched mesh gill nets, 
is presented in Table 3. Three year-classes of walleyes were 
larger in the samples taken from the Saskatchewan commercial 
fishery nets than those from the Alberta commercial nets. The 
Saskatchewan sample was collected a month to a month andga taker 
later than the Alberta sample of post-spawning walleyes. The 
Saskatchewan fish had a month's summer growth over the Alberta 


sample. Sexual dimorphism in growth occurs in this walleye 


LEGEND 


NO. OF MALES SSSINGwOFRSEEM ALES 
NO. OF MALES, FEMALES COMBINED 


iee RICHARDSON LAKE 
Ni 23) 


OF FISH 
© 
° 


NO. 


LAKE ATHABASCA 
(ALBERTA) 
N= 499 


NO. OF FISH 
m 
° 


LAKE ATHABASCA 


( SASKATCHEWAN) 
N=590 


NO. OF FISH 
ee) 
fe) 
° 


vow 
AGE CLASSES 


Fig. 3 Number of walleyes in four age classes in samples 
collected at three locations associated with Lake 


Athabasca. Fish with seven annuli or more are 
all included in the sample with seven annuli. 
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Table 3. Mean fork length (mm) of samples of four age classes 
of walleyes from Alberta and Saskatchewan waters of 
Lake Athabasca. Hogi hyeeor di vcant,s p=. 01% (>>): 
Significant, p=.05 (>); and non-significant (ness) 
comparisons of means are indicated. The sample size in 
each age class is presented in brackets. Male and 
female fish were combined in these samples. 


Mean Fork Length (mm) / and Sample Sizes 


a ee er ee ee 


Number of 


Annuli IV+ VI+ VII++* 

Location 
Alberta B8.8215 << UO 5 << WOM ey As) hee 4397.8 
(E15) (283) ( 88) (ants) 
A iN zA = 
Saskatchewan 398.0 << Uh 9 cece Poo cise Og ES eae? 
(Foul!) (370) ( 64) (355) 
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population I(Bidgood;eedtoy 1)se) eK growth rates of the male and 
female fish in these samples were not compared separately. These 
factors complicate a comparison of the growth rates of these two 


samples of walleyes. 


To conclude, the Richardson Lake, Alberta (Lake Athabasca), and 
Saskatchewan (Lake Athabasca) commercial fisheries are probably 
harvesting the same populations of walleyes. The results of "ithe 
tagging studies conducted in Richardson Takemrn (967 to. loc 
(Fig. 1) -Ssupport.. this Reorelucton. Walleyes Spawning se 
Richardson Lake are major contributors to both the Alberta and 


Saskatchewan commercial fisheries for this species. 


In 1972, domestic gill nets, set through the ice at the 
confluence of Jackfish Creek with Big Point Channel (Fig. 3) ana 
March and April, yielded over 100 walleyes per overnight set. A 
walleye tagged on) (May 25,5 loo)) eo Richardson Lake was 
recaptured on April 23, 1972, in these nets. These walleyes did 
not have access to Richardson Lake at this time. Breakup of the 
Athabasca River on May 6, 1972, recharged Richardson Lake with 
water (Fig. 4a). Strong easterly winds at this) tinert orced. tne 
ice to the western shore of Richardson Lake where it melted in 
situ. From May 8 to May 31, the water in Richardson Lake flowed 
mainly out of the Lake through Jackfish Creek to the Athabasca 
River. Reversal of water flows into Richardson Lake occurred 
periodically throughout this period. The hydraulic pressure ana 
Lake Athabasca, increased by strong easterly winds, reduced the 
rate of flow of the Athabasca River through the Athabasca River 


Delta to Lake Athabasca and forced Athabasca River water into 


FIG. 5 East view of outlet channels from Richardson 
Lake (bottom) to Jackfish Creek (top) on May 
31, 1972. The Maybelle River Channel is located 
on the extreme right of the picture 


WATER FLOW 
ADULT - WALLEYE 
Miles 


FIG. 4 Flow of water and migration of adult walleye into 
and out of the Richardson Lake complex during the 
spring of 1972 
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Fichardson Lake. 


A total of 2,410 walleyes, captured in 4-inch stretched mesh 
gill nets set in the northwestern waters of Richardson Lake, 
were tagged with numbered, orange, Floy anchor tags between May 
Seon d Nay = S30; 172. (rig. Ubjesithe masjorvty of thetifish tagged 
NeEe MolLure and ripe, and tagging mortality was? low.) After this 
ae ee tne = 11s Sets = Captureds® Maanly = spent aindivatduals and 
tagging operations were terminated due to high post-tagging 
mortalities. These gill nets yielded over 100 walleyes per 50- 
poloscet Ors4—inchegill nets fished for from one to two hours. 
When Richardson Lake was commercially fished, a harvest of 
200,000 pounds of walleyes in five days was not uncommon (Table 
1). From these data it is estimated that the spawning population 
of walleyes in Richardson Lake ranged from 500,000 to 1,000,000 


fish. 


Observations of the water levels in the Richardson Lake complex 
Cimehavenol,;) A972, levealed that the water levels in the Lake. at 
this time were similar to those observed in the complex at the 
Sates lite sot “yeate 1 1965 ,.1956,4 ande 4967 Y(Figs).5). The Maybelle 
Fiver at this time was flowing past Richardson Lake and into 
wachkiisnecreewein 1 ter owne contincdamecnaniel=. hem tour *outlet 
channels from Richardson Lake to Jackfish Creek were beginning 
to reappear. Higher water levels in Richardson Lake in May of 


1972 accompanied higher water levels in Lake Athabasca. 
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SUMMARY 


Mature walleyes moved into Jackfish Creek canis er thangMacucn 
25 but did not have access to Richardson bake sor the 
Maybelle River at this time, since Richardson Lake was 
frozen to the bottom and the Maybelle River water was 


dispersed under theace a: Richardson Lake. 


Richardson Lake was recharged with water after the ice "Lett 
the Athabasca River on April 23. When the water level in Big 
Point. Channel prec Richardson Lake drained into Big 
Point Channel through Jackfish Creek. Mature walleyes then 


moved into Richardson Lake. 


Walleyes were not observed on a Spawning migration up the 
Maybelle River but were observed spawning in Richardson 


Lake. 


There were no spawning populations of walleyes noted in 
streams tributary to Old Fort Bay of the southern shore of 
Lake Athabasca in Alberta or streams tributary to Lake 


Athabasca in Saskatchewan. 


Young-of-the-year walleyes were distributed throughout 
Richardson Lake and were migrating out of the complex 


through Jackfish Creek: 


Samples of walleyes collected from Richardson Lake, the 


Alberta potction Sof Lake Athabasca, and the Saskatchewan 


Bly, 


portion of Lake Athabasca did not indicate that these were 


segregated populations of fish. 


In March and April, mature walleyes were captured at the 
contluence of Jackfish Creek with the Athabasca River. 


Access to Richardson Lake was restricted at this time. 


Richardson Lake was recharged with water after the ice left 
the Athabasca River on May 6. Mature walleyes entered the 


Lake and spawned. 


Walleyes appeared to be spawning in the northwestern portion 


of the Lake. 


Water levels in Richardson Lake were higher than those of 
the preceding year, as were the water levels in Lake 


Athabasca. 


The Maybelle River followed the same course as was observed 


Tint 965,1 9060, "anda 6d. 
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DISCUSS LOY 


Richardson Lake is now dependent on spring breakup and _ the 
increased water discharge in the Athabasca River to obtain 
sufficient water to permit walleyes to enter and spawn in the 
Lake. In the past, when water levels were higher on Lake 
Athabasca, Richardson Lake probably held water throughout’ the 
Winter months. Prior to 1968 and in 1972, the Maybelle River 
flowed via its own bed directly to Jackfish Creek and Big Point 
Channel. “On April 23, 196/77 aircrare observations ceconded What 
the Maybelle River was open and flowed directly to Big Point 
Channel when the Athabasca River and Richardson Lake were still 
under ice cover. In May of the same year, gill nets were set in 
the Maybelle River in a confined channel of water that was over 
10 feet deep. The hydraulic pressure of the water in Richardson 
Lake prevented the Maybelle River from entering the Lake at this 
time. These conditions present in Richardson Lake prior to 1968 
would have allowed spawning walleyes, arriving in Jackfish Creek 
in March and April priot to breakup ime thes Athabasca make vic, 


access to Richardson Lake and/or the Maybelle River. 


The discharge of water in the Athabasca River in the spring 
months of 1971 was above the average discharge of the River for 
that time of year (Fig. 6). The high discharge in the Athabasca 
Piver in April and May of 1971 poured water into Richardson Lake 
and therefore allowed the walleyes to enter. In 1972, a Similar 
situation occurred in Richardson Lake when the highest spring 
discharge in eight years in the Athabasca River was recorded. A 


low discharge of spring water in the Athabasca River similar to 
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that of 1968, with a low sept level in Lake Athabasca, may not 
be sufficient to recharge Richardson Lake with water to the same 
degree as that noted in 1971 and 1972. Such a reduction in water 
levels in the lake or a lower Athabasca River discharge might 


prevent the spawning population of walleyes from entering the 


Lake and successfully spawning. If this were the case, 
recruitment to the Richardson Lake population could be 
eliminated. 


In 1972, higher water levels in Lake Athabasca and Pichardson 
Lake than those observed in the spring of 1971 were present. 
Apparently, an ice dam on the Peace River at breakup increased 
the hydraulic pressure of the Peace upstream above this dan, 
reduced the rate of discharge of water from Lake Athabasca 
through the outlet channels, and maintained Lake Athabasca at a 
higher water level. Higher spring water levels in Lake Athabasca 
accompanied higher spring water levels in Richardson Lake. If 
these water levels in Lake Athabasca were approached in the 
winter months (March, April), the Maybelle River would follow 
its own channel to Jackfish Creek when it opens in April and 
alow, the carly arriving mature walleyes at the confluence of 
wackrish Greek and Big Point Channel access to the Richardson 


Lake complex. 
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PURPOSE 


The purpose of this study was to appraise the status of goldeye 
populations in the Peace-Athabasca Delta, +o consider the 
effects on these populations of changes in water regimes brought 
about by watershed management in the upper Peace River, and _ to 
make recommendations with regard to any management of the Delta 


waters which will affect goldeye populations. 
BACKGROUND 


The goldeye is a freshwater fish belonging to the mooneye 
family, Hiodontidae, representatives of which are found only in 
North America. In Western Canada, the goldeye is found in the 
Lake Winnipeg drainage system, which includes the North and 
South Saskatchewan Rivers, parts of the Churchill River, and the 
Athabasca River, Peace River, Slave River, and Mackenzie River 
systems. This distribution probably reflects dispersion along 


waterways associated with post-glacial Lake Agassiz. 


The goldeye has been commercially fished at various times during 
this century in areas where it occurred abundantly. These 
fisheries have declined because of over-exploitation of the 
stocks. Populations of goldeye in the Peace-Athabasca Delta 
Supported a substantial commercial fishery from the late 1940's 
Hider che mm da leo 196.0 tice with production dropping Ofte 
drastically between 1963 and 1966 (Table 1). Average annual 
production was 144,000 pounds for the earlier years but dropped 
to less than 25,000 pounds for the last four years. At a gross 


price of approximately 10¢ per pound to the fishermen, this 


F 2 


Table 1. Goldeye harvest records for Lake Claire.!? 


eceme eee eer ese ee eS ee ES SE GE ES SS SS LE 


Year Harvest in Pounds 
1948 119,000 

1949 240,000 

50 71,405 

VWSle tom oS (operations suspended) 
1954 240,000 

1955 (not fished) 
1956 176,349 

1957 133,016 

1958 (not fished) 
V2) 141,236 

1960 102, 160 

1961 Jaiplols 2 

1962 1027925 

1963 22,000 

1964 17 45) 

1965 46,857 

1966 PE Gad fs. 


pn a 


lRecords supplied by the Canadian Wildlife Service. 


ES 


production was of considerable importance to the economy of the 
Fort Chipewyan community. There has been no commercial fishery 


for goldeye in the Delta Since 1966. 


Domestic fishermen from Fort Chipewyan reported an increasing 
number of small goldeye in the area during the late 1960's. 
Larger goldeye in fair numbers were caught during the summer of 
1970. This suggests that goldeye populations were recovering 


from the decline noted above. 


Goldeye in the Delta are believed to be part of a larger 
population mainly resident in the Peace River. Spring flood 
conditions in the lower Peace River stimulate adult goldeye to 
migrate into the shallow turbid waters Gr the Delta, 
particularly the Lake Claire - Mamawi Lake area, where they 
Spawn (Fig. 1). Adults are said to remain in the shallow waters 
of this area until late summer when they return to the Peace 
Piver. Young goldeye also supposedly utilize the shallow waters 
of the Delta as nursery grounds, but their subsequent movements 


had not bkeen observed prior to this study. 
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METHODS 


A pound net was set in the Prairie River in early May of 1971 to 
catch goldeye migrating into Lake Claire, but strong currents 


combined with much debris made the set inoperable. 


Gill nets, therefore, were used during Maypto collect samples of 
adult goldeye migrating into the Lake Claire - Mamawi Lake area 
from the Peace River via the Chenal des Quatre Fourches. The 
daily “catch was. =recorded and some data on individual fish 
(including size, sex, and state of maturity) were collected. 
Samples of scales were taken from each fish “to assist: in 
@etermining their age. Stomach contents of some fish were 
eyamined. Similar g111 net sampling Wa= undertaken in July, 
early August, Late September, and October to monitor the 
movements of adult goldeye in the Delta. Additional gill net 
sampling was done during the winter months in the Delta and also 
in the Peace River to determine the winter distribution © Off (ie 


goldeye. 


Small trawls were used during July, Rugust, and October to 
collect young-of-the-year goldeye, in order to estimate the 
success of natural reproduction and to document the seasonal 
distribution pattern of these young fish. Samples of planktonic 
fauna were collected simultaneously with the small fish samples 
taken during July and August to determine what food organisms 
were available. Stomach contents of the young reaches eS: 


examined. 


Supplementary meteorological and hydrological observations were 
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made to assist in interpreting the effects of such phenomena on 


the goldeye in the Delta area. 
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RESULTS 


a ere Gee ee we ee Se ee ee ee ee ee a ee ee 


Peace River floodwaters started backing along the Chenal des 
Quatre Fourches and into the Lake Claire - Mamawi Lake area in 
late April, creating breakup conditions in the Delta about two 
weeks earlier than the average date of May 10. Adult goldeye 
were first noted at the Quatre Fourches on May 6 and _ peak 
numbers were caught in the Prairie River on May 12 and 13. On 
May 17 approximately 50 percent of the female fish sampled had 
completed spawning, and by May 20 all goldeye caught in the 
Prairie River had completed their spawning cycle. Samples 
collected at different points indicate that goldeye spawned in 
various areas from the Chenal des Quatre Fourches to Lake Claire 
and. possibly beyondethic.s sclUuleZa (>>) repoteed) ehate ee loom 


the goldeye appeared to have completed Spawning by June 8. 


Water temperatures in the Prairie River ranged from the high 
“0's to 60°F during the first three weeks of May, 1971. Kennedy 
and) ‘Sprules* (1967)"estatesthar spawning begins when the mean 
water temperature is 50 to 55° and continues for three to six 
weeks. It would appear that in 1971 the goldeye Spawning cycle 
started early in the Peace-Athabasca Delta and was completed in 
less than three weeks. This early and short spawning cycle a 
1971 is attributable to an early breakup accompanied by 


continuing warm weather during the month of May. 


Hydrological records for April and early May are meager, bute 


appears that the waters rose rapidly in late bpril enon 


ed 


levels to between 684.0 feet above sea level and 685.0 in the 
Quatre Fourches area by early May. Water levels on Lake Claire 
and the Prairie River were 685.0 or more during most of May, 
with a current usually running easterly in the Prairie River 
from Lake Claire to Mamawi Lake. Wind seiches generated 
temporary reversals of this predominantly eastward flow of 
water. Py late May there was a pronounced decline in the water 
levels of Lake Claire and the Prairie River, and travel by power 


boat across Mamawi Lake was becoming difficult. 


The technique of sampling the goldeye run with gill nets did not 
Provide data for estimating the actual numbers of fish which 
migrated into the shallow waters of the Delta. However, local 
fishermen commented that the numbers and sizes of the goldeye 
were reminiscent of earlier years when the commercial fishery 
flourished. Data on the age and size composition of an early 
season sample taken by Schultz in 1954 are compared with the 
Joiiedata a(tavte &2)i. The average age .of the 1971 sample iis 
younger because of fewer old fish and a higher percentage of 
young fish. All goldeye in the 1971 sample were mature except 
for one male fish. Kennedy and Sprules (1967) reported that no 
six-year-old female goldeye collected from Lake Claire in 1947 
and 1948 were mature; only 2 percent of the seven-year-old 
females were mature, and 55 percent were mature at age eight. 


Male goldeye usually mature at an earlier age than female fish. 


A comparison of the growth rates of fish from the 1954 and the 
1971 samples offers a possible explanation for these differences 


in maturity (Fig. 2). The growth rates of the fish in the 1971 


F 8 


Table 2. . “Age 'composittion,;: sdizeidisitribution, fand sex Sratio sor 
goldeye samples taken from comparable gill nets in 
1954 teeand eo 


ere ce ce ee ere ee me ee ce a ce SE NS NS SE ES ES A ES LS SS TT TS TT 


Sample Age Number Percent Fork Length Body Weight Sex 


Year Group Caught of Total millimeters grams Ratio 
Gatven (MEAN) (MEAN) M/F 
1954 0 & = = = 
6 
5974 42 1 Shes 290 (321) 349 260(374)480 22/720 
7954 14 4.0 Ze S(B0 0) ee 22727 Bese ee Oe 
4, 
1971 Vey Sia is 304 (332) 345." 330 (3899)550 974755 
1954 S93 45.4 280 (328) 374 255(340)511 81/778 
8 
1971 70 7A 50) 322:(3477) 360) * 340°(459)657 032456 
1954 149 42.6 BAV7(8 56) 40073 2397) 39a 7 ae 
9 
1971 8 Bei 338 (352) 375 410(489) 590 3/5 
1954 a, Ges 336 (367) 406 369 (471) 567 0/22 
10 
19741 3 tae 344 (362)375 420 (510) 600 0/3 
1954 uy dieil SUE C(sisiey wsieis) | Sheehy @iSiMey este) 7/ 0/4 
11 
1971 0 = = = = 
1954 2 Orc 355 (398) 438 482(581) 680 0/2 
12 
199-1 0 a = = " 
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relationship between age and average size (length 
weight ) in goldeye samples taken from Lake 


Claire in 1947 , 1954 and 1971. 
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sample are considerably greater than those for the 1954 fish. 
Size, aS) Well taseagep a i Se"aultdctors¥ine (the sonset sof, sexual 
maturity. Goldeye in the Peace-Athabasca Delta are maturing at 
an earlier age than in the past because of faster growth trates. 
The accelerated growth rates in recent years may be the result 
of lessened competition amongst goldeye, due to their decreased 


humbers during the early 1960's. 


From the foregoing observations, it is concluded that a 
substantial run cf mature goldeye entered the shallow 
floodwaters of the Delta in the spring of 1971 and spawned in 


various areas. 


PEPRODUGCTIVE SUCCESS 
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Trawling operations for small fish were conducted at 52 sampling 
stations on Lake Claire, Prairie River, Mamawi Lake, and the 
Quatre Fourches area during July and August. A total of 158 
young-of-the-year goldeye and 71 walleye were collected. No 
young goldeye were found in the Chenal des Quatre Fourches 
during this period, but one young walleye was taken. In the 
lakes, sample tows were usually made within one mile of shore. 
Young goldeye were widely distributed around the periphery of 
Lake Claire and were abundant off Spruce Point near the mouth of 
the Birch River in early July. A single open water tow in Lake 
Claire produced no small fishes. In Mamawi Lake young of both 


species were found only in the large bay south of Prairie River. 


Calculations based on the size of the area sampled by each tow, 


the average number of small fish caught in each tow, and the 
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total area of shoreline habitat in each body of water sampled, 


give the following estimates of young-of-the-year fish. 


WATERS SPECIES 
Goldeye Walleye 
Lake Claire POO UU U 120,000 
Prairie River 18,000 93.0.0 
Mamawi Lake 210,000 S:155000 
Quatre Fourches 2,700 11,000 


(west channel) see ne Me 
Totals She hei: UNS) Oy OU 

The trawling operation was not designed to compile data for 
population estimates; therefore, the foregoing numbers should be 
interpreted cautiously. They are absolute minimum estimates of 
the numbers of young goldeye and walleye in the Lake Claire - 
Mamawi Lake area. The evidence does indicate that natural 
reproduction of goldeye occurred in the Delta region under the 
water regime which prevailed in 1971. Walleye also reproduced in 
the Delta waters. Young goldeye were most abundant in Lake 
Claire and in the Prairie River. Young walleye were most 
abundant in Mamawi Lake and in the channels in the ViCLivtys OL 
Quatre Fourches. Since there aresiuc comparable data for earlier 
years, the success of the 1971 spawning cycle can be measured 
only by reference to the strength of this §yeadt Glades in the 


future adult population. 
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FOOD AND GROWTH OF YOUNG GOLDEYE 
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Samples of potential food organisms for young fish, collected 
Simultaneously with the small-fish samples, revealed an 
exceptional abundance of crustacean zooplankters and aquatic 
insects in Lake Claire, Mamawi Lake, and the Prairie River. In 
the Quatre Fourches area and the Chenal des Quatre Fourches 
these forms were much less abundant. Gallup and van der Giessen 
iiovs) owt ceaipiankton »surcveysgsof) the Delta waters, Similarly 
reported that crustacean zooplankters were very abundant and 
noted that the highest biomass of these organisms occurred in 


Lake Claire. 


An analysis of the stomach contents of young goldeye collected 
in the Delta revealed that they were feeding heavily on the 
larger species of zooplankters and also utilizing many small 
aquatic insects. None of the goldeye were found with empty 
stomachs. There was no evidence to suggest that they were 
selecting a particular species of food organism. Daphnia pulex 
was the most abundant food organism present in the aquatic 
habitat; this crustacean appeared most frequently in the 
stomachs of young fish. In the Quatre Fourches area Leptodora 
kindtii occurred with equal frequency in the stomachs of young 
goldeye. A number of smaller species of crustaceans reported by 
Gallup and van der Giessen were not found in young goldeye 
stomachs. It would appear that these fish do select food items 
byeesige. FisetateesJUly,othe, ;qoldeyes ted more extensively, on 


corixid’ insects, which are much larger than the crustacean 


organisms utilized by the smaller fish in early July. This also 
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suggests some size selection, but the change may reflect changes 
in abundance of food items. Corixids were much more abundant in 


late July and August. 


Young-of-the-year goldeye displayed excellent growth. 
Comparative data confirms that in the summer of 1971, young 
goldeye from the Peace-Athabasca Delta exceeded growth rates 
previously recorded for other populations in Canada CERga ees )e. 
However, growth decreased in the fall; by October, their average 
length was less than that reported by Kennedy and Sprules (13 657) 
for young ©qoldeye “Un thet saskatchewan Raver Del vara 174 ac 
1946. Although growth had slowed, by October these young goldeye 
were 50 percent longer than those reported by Kennedy and 
Sprules (1967) for the Peace-Athabasca Delta in 1946, 1087 vera 


1948. 


The early open water season with continuing warm weather and an 
abundant food supply were probably the major factors stimulating 
this rapid growth. Large size in the fall may have an important 
bearing ,on the future sirvival of"young goldeyesiivso, whe BS et 


year class may be extremely successful. 
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in 19717, adult! Goldeyerutila zedminsect) fauna, emore™ xtenairvely 
thane’ in’ 94947, “but? very Lewes malietish appearca anetheirs diver 
(Table 3). Small pike, in particular, were virtually absent. On 
the other hand, while plankton (presumably crustacean 
zooplankton) appeared rarely in the diet of adult goldeye in 


1947; this component’ of the planktonic *commundty—"notvonty 
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The relationship between age and average size 
(length and weight) in young -of-the-year goldeye 


from different waters and 


in different years. 
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Table 3. Stomach contents of adult goldeye collected 


locations 
TS le 
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fron two 


the Peace-Athabasca Delta in 19471 and 
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Number examined 
Percentage empty 
Number with food 


Percentage? with 
the following: 


COpLYids 


Other aquatic 
insects 


Other insects 

Other invertebrates 
Pike (young) 

Other fishes 

Other vertebrates 
Plankton?3 


Other organic 
material 


Lake Claire - 19 
May July 
4g 92 
2% 8% 
48 85 
e/a) 2 
iz 11 
uy 16 
0 0 
0 We 
35 Le 
0 0 
6 2 


iData from Kennedy and Sprules, 1967. 


2Percentages total more than 100% since many stomachs 


more than one type of food item. 


3Kennedy and Sprules 


they examined. 


categorized 


47 Prairie River =—_1974 
July August 
76 60 
8% 17% 
70 50 
86 80 
24 26 
6 22 
4 0 
0 0 
6 12 
1 6 
84 4s 
6 4 
contained 


plankton as “other organic 
material" since it appeared relatively infrequently in stomachs 
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occurred in a high percentage of stomachs in 1971, but also made 
up a large volume of the food taken. No information 1s avatlable 
on the abundance of crustacean zooplankton in the 1940's, but it 
is known that this group was very abundant in the Delta waters 
in 1971. It would appear that goldeye will utilize small food 
items such as crustaceans if small fishes are not available. 
Small fishes other than goldeye and walleye were relatively 
scarce in the tow net samples in 1971. Some shiners (Notropis 
sp.) and ninespine sticklebacks were taken, but no) sitade pike 


were found. This probably reflects a low number of other small 


fishes. 


The growth curve for goldeye collected in 1971 was compared with 
those calculated from samples collected by other investigators 
in 1989 and 1954 (Figs 2)% in 19/19 fish oleate cow oe heavier 
than fish of the same ages in previous years. Older fish (9 and 
10 Years) caught ino 1971 Sweremecini ian in) length tories 
counterparts in earlier years. Younger fish were considerably 
longer in the 1971 sample. Year classes of fish born in’ 1963 .and 
more recently have experienced better growth, both in length and 
weight. Year classes borne in 1961 and 1962 display only greater 
weight than “fish of “Sintmiat7 agcsm: earlier samples. This 
increased growth in recent years may be related to a decreased 


abundance of adult goldeye since 1963 and 1966 (Table 1). 
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AGE COMPOSITION AND YEAR CLASS ABUNDANCE 
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The age compositions of the 1954 and 1971 goldeye samples offer 
some evidence of changes in the age structure of the goldeye 
populations in the Peace-Athabasca Delta over a period of years 
(Table 2). Schultz (1955) states that goldeye samples collected 
un 1349 showed that 9- and 10-year-old fish made up 
approximately 85 percent of the total commercial catch. Similar 
samples in 1954 showed 8- and 9-year-old fish as the most 
abundant age groups, with 8-, 9-, and 10-year-old fish making up 
approximately 94 percent of the catch. In 1971, the dominant age 
WLOUpaWaS I-yeat-old fish and thesé-—,;,.9-, and . l07year-old, fish 
Reaewsup  Cilywes2 percent on ithe stotalesamples Year classes«of 
gevoeve. Dorn esine VIGlPeeiIG7, Peand 31963  -qre not strongly 
represented in the present populations, although fish of similar 
ages were abundant in earlier years and were the mainstay of the 


commercial fishery in those years. 


In the period from 1956 to 1963 an intensive commercial fishery 
for goldeye operated in the Delta area, producing some 3/4 
million pounds of this species. It would appear that the removal 
of large numbers of adult fish in those years so depleted the 
brood stock that a number of weak year classes of goldeye were 
produced immediately prior to 1963. The abundant (50.8 percent) 
7-year-old fish appearing in the 1971 sample were hatched in 
1964, a year when extremely high water levels prevailed in the 
Delta area and the commercial fishery produced less than 1500 
pounds of goldeye. Natural reproduction by the remaining adult 


stock in that year apparently produced a successful year class. 
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The 1963 claSs'° (8-year-old fish) was the second most abundant 
(28.0 percent) group in the 1971 sample. The 1965 year class (6- 
year-old fish) made up a rather small proportion (16.8 percent) 
of this catch. The latter age group was of talecize that sshoutd 
have been caught readily in the sampling program; therefore, it 
Tee poseulareo =cirac their scarcity reflects a weak year class in 
the present goldeye population »solwethe DeltaweNo etdakayeake 
avarlable at this time “to estigqest what reproductive success may 


have been achieved in the late 1960's. 


The age composition of the goldeye run which entered  +the, Deita 
in 1971 suggests the presence of an adequate brood stock of 
adult fish to provide good natural Teprodict ones & favorable 
habitat conditions occur each spring and summer in the Deita 
area. The water regime which prevailed i o197 1@appnears® peoeeave 


been favorable for reproductive success. 
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The shallow waters of the Delta,e paltcactlacly Lake®C@laite, 
Mamawi Lake, Prairie River, and perhapsmwethe river channels 
associated with the Chenal des Quatre Fourches, tend to stagnate 
under winter ice cover. Most fish species are unable to survive 
under these unfavorable habitat conditions when dissolved oxygen 
levels decline or become totally depleted. Adult goldeye have 
been reported to migrate out of these shallow waters in the late 
summer, supposedly returning to the Peace River via the Chenal 


des Quatre Fourches. 


Gill net sampling in the Prairie River during midsummer revealed 


Ely 


a pronounced movement of adult goldeye eastward in the Prairie 
River in late July and August. Domestic fishermen in the Quatre | 
Fourches area confirmed an increase in numbers of goldeye in 
that area during the same period. Water currents in the Prairie 
River at that time were predominantly Castcriy7 =) aithnoughsy the 
flow had been westerly into Lake Claire earlier in the summer. 
Additional gill netting in the Prairie River and the Birch River 
during October tcok no adult goldeye. The fishermen at Quatre 
Fourches also reported a lack of goldeye although other Species 
were being taken. These data support the generally held view 
that there is a pronounced run of adult goldeye out of the Delta 
area back to the Peace River. In 1971 this run started in late 


July and had been completed by October. 


Studies of changes in the abundance of young-of-the-year goldeye 
in different parts of the Delta region during the summer and 
fall indicate that emigration of young goldeye started in late 
July. By early October young goldeye were abundant in the Chenal 
des Quatre Fourches where they had been absent during the 
Summer. They were most plentiful towards the Peace River. At the 
Same time, young goldeye were still present in the Prairie 
River. By late October young goldeye were much less abundant in 
the Chenal des Fourches and again their numbers were greater 
towards the Peace River. Some were taken in the Peace River near 
the junction with Chenal des Quatre Fourches. Young goldeye were 
still present in the Prairie River and one was collected in the 


Parch Biver on October 31. 


In Novemker, after a water control structure had been installed 
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in the west channel at Quatre Fourches, young goldeye were found 
congregating behind the dam. Their size was considerably smaller 
than that of samples taken in October; and it is postulated that 
this run of young goldeye originated from Lr, butany, aWacecho 
rather than from the main Lake Claire, Prairie River, Mamawi 


Lake complex. 


Thus young goldeye in 1971 displayed a similar pattern of 
emigration from the shallow Delta waters to the Peace River as 
that noted for the adult goldeye. The migration occurred over a 
longer period of time with some of the young becoming marooned 


behind the Quatre Fourches dam in November. 
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Gill net sampling under the ice at a number OLestations 20a) tne 
Delta during the winter of 1971-72 has revealed that very few 
adult goldeye remained in the shallow Delta waters after freeze- 
up. However, 17 small goldeye were caught in the lower reaches 
of the Birch River in January. These were fish approaching two 
years of age, that is, members of the rlo (0=Vyear= telliass. Shee cl 
few young fish of this year class were also taken in the summer 
sampling program for small fishes. The presence of this age 
group indicates that adult goldeye were in Gtive. Delta dread an. the 
spring rene 1970 and produced some Opispring. sm there ars 
insufficient data to make an estimate of the size of this year 


class. 


It is possible these young goldeye spent theswainter ol alos ome! 


in the Birch River and others may have overwintered there during 
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1971-72. 


Trappers in the past have taken adult goldeye in the Birch River 
during the early winter. Goldeye associated with the Birch River 
may be a separate stock of this species, or they may be part of 
the general population which ascends the river each spring and 


occaSionally fails to make the outward migration before freeze- 


up: 


A report to the Regional Supervisor of Indian Agencies at 


Edmonton in July, 1956, contains the following observations: 


"Since the 1954 fishery, Indian fishermen and Park 
wardens have netted substantial numbers of goldeye in 
fall dog-food fishing at the mouth of Birch River. [In 
addition, it is reported that literally thousands of 
goldeyes were 'frozen-out! and perished during freeze- 
up when water levels dropped. Thousands of goldeyes 


were found along the banks of Birch River." 


Apparently, low water conditions in the past have resulted in 
winter killing of goldeye in the Birch River. Field records on 
water quality for the Birch River show severe depletion of 
dissolved oxygen at stations on the River in both winters. Such 
levels of dissolved oxygen are not considered compatible with 
survival of fish; if any did survive, it must have been in 
localized areas where inflowing springs or groundwater seepages 


are maintaining higher levels of oxygen in the river water. 


In late April of 1972 adult goldeye appeared in the marginal 
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waters below the Quatre Fourches dam before breakup. Goldeye 
disappeared from the area in early May, and local fishermen 


caught only a few suckers and pike up to May oie 


Water levels rose gradually in this area and on May 3 overtopped 
the dam and started flowing into Mamawi Lake. This inward flow 
continued for the next week as the Peace River water backed into 
the Delta via Chenal des Quatre Fourches. Other observers report 
that flooding Peace River waters also backed into "Baral ane 
Claire Rivers “at “this time, putting additional water into the 
Delta and providing another possible inward migration route for 


firchs 


On May 10) the direction of water flow reversed at the Quatre 
Fourches under wind influence, and water started flowing out of 
the Delta. On May 16 work started on increasing the height of 
the dam to stop the outflow of water. By May 21 the dan 
modification was completed and water no longer flowed out of the 
Delta. A simple wooden fishway was placed in the dam on May 225 
but differences in water levels prevented its proper function. 
The fishway was replaced with a trench on the same day, but an 
approximate three-foot head of water generated such current and 
Hircbulences ins Pthessshortatreicng tna. adult fish did net ascend 
it. The trench was modified to reduce the current but it was not 
used@by fish) Onemay 22 another trench was constructed adjacent 
Hoeethe Msland in thet@ams@irsn moved through this trench. The 
difference in water levels above and below the dam at this time 
was approximately 1.5 feet, and the current induced by this head 


of water did not prevent the passage Oferrshs 


ee 


Adult goldeye reappeared in the Quatre Fourches area on May 10% 
Durinc the remainder of May a gill net sampling program above 
and below the dam produced over 1,200 goldeye of which 9379 were 
tagged. Pike and walleye were abundant in the run. Goldeye 
catches peaked between May 19 and May 23, about two weeks later 
than in 1971. Fifteen of the tagged fish were recaptured but 
only one (tagged on May 15 and recaptured on May 24) had moved 
over the dam. A local fisherman caught a Caqgedy =f sive nthe 
Prairie River on May 24, by which time goldeye were abundant in 


that <aclea.. 


None of the goldeye caught up to May 25 were in Spawning 
condition. Spawning seemed to be imminent in some goldeye on May 
28. In 1971 the goldeye had completed Spawning by May 20 under 


an earlier breakup and warmer weather. 


It is tentatively concluded that a substantial run of goldeye 
entered the Quatre Fourches area around H2d—-Mayo ot 1972 and 
moved on to the interior of the Delta before the dam was raised 
to maintain water levels in the Delta. Spawning success of this 
run will be assessed during the summer. Initial efforts to 
Frovide a passageway for fish over the modified dam were not 
successful. Some success was finally achieved and Suggests that 
current velocity will be a critical factor in the design of an 


effective fishway for goldeye. 
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SUMMARY 


A substantial run of adult goldeye entered the Lake Claire - 
Mamawi Lake area of the Delta from the Peace River via the 
Chenal des Quatre Fourches in early May of 1971. The size Trange 
of these fish was similar to that of spawning runs observed in 
1954. The average age of the 1971 spawning run was considerably 
younger (@than = Chats 2 neo e0% Six-, seven-, and eight-year-old 
goldeye made up over 95 percent of the Catch inl 1971, Whereas "in 
1954 peoth percent¥of ithe (catchwconsisted Omme rh, nine-, and 
ten-year-old fish. The 1964 year class was the most abundant 
group in the 1971 run. All goldeye were mature except one male 


caste 


Spawning started early and was completed by May 20. Spawning was 
widespread from the Quatre Fourches to lake’ Claire and possibly 
as far as the Birch River. Natural reproduction was successful 
and many young-of-the-year goldeye were found, «sin the velta 
during the summer. They were most numerous in Lake Claire and 
the Prairie River. Young walleye were also found in the Delta 
but occurred more abundantly in Mamawi Lake and the Quatre 
Fourches area. Food organisms for young fish were abundant, and 


the young goldeye displayed excellent growth. 


Adult and young goldeye fed on similar food organisms, with 
crustacean zooplankters and corixid insects forming the bulk of 
their diet. Growth rates of adult goldeye in the “14971 samples 
were better than those described for Lake Claire populations in 


1954 and the 1940's. 
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Both young and adult goldeye started migrating out of the 
Shallow Delta waters in late July. By mid-October few adult 
goldeye remained in those waters. Young goldeye were still 
Presents in the Prairie “River and’ the Birch River in late 
October. In November more young goldeye appeared behind the new 
fates dat Ouatre Fourches: ihe changing distribution pattern of 
goldeye in the Delta, during the summer and fall, confirms that 
they tend to return to the Peace River from the shallow Delta 


waters via the Chenal des Quatre Fourches. 


Wenver Gill net sampling in the Delta took no adult goldeye. A 
Pewsyoutig goldeye were found in the lower Birch River. Their age 
indicated that these fish were hatched in 1970, giving evidence 
that some natural reproduction occurred in the Delta waters that 
year. Reports from earlier years indicate that goldeye do stay 
in the Birch River in some winters and heavy mortalities have 


occurred. 


The 1971 water regime in the Peace-Athabasca Delta was suitable 
ior goldeye reproduction. Early spring water levels of 684.0 
feet above sea level at Quatre Fourches and 685.0 in the Prairie 
Piver and Lake Claire, produced by the backwater effect of 
SLooding “in eer lower Peace River, stimulated adult goldeye to 
enter the Delta area for Spawning. These water levels should he 
considered as the Minimum required to assure conditions 


favorable for the natural reproduction of goldeye in the Delta. 


Water levels rose slowly during the early summer and started to 


decline in late July. The declining water levels and possibly 
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other environmental factors stimulate both young and adult 
Goldeye §to Smigrete = ouG orgs lic Delta seAnyVeDEOUOsa Loy tOlema ter 
control in the Delta should use the 197]. water Jregime Jassa 
aquideline for goldeye requirements. Water CONELOM St LUGE TCS 
need fishways that will permit movement of goldeye seasonally, 


a= pevealed by then lo ieouldics. 


Gtnerrspeaies On nish; = palircular hy pike and walleye, also spawn 
an \the Delta waters. These species spawn ear liver thansgolacye 
And allowance should be made for this in’ any 9eplans ~lors water 


COnuLraLls. 


in the 'spriugr of 910/24 rnWacd Migration of goldeye,prke, 
Walleye, and other “species wae adversely iantluenced) by.) en] 
experimental water control structure at Quatre Fourches. 
Improvised fish passages constructed” over “Sthe "dam= were “Tot 
entirely sslceessm@lle aie 'cosening thise teptects eA subscate ia 
number of fish did gain entry to the Lake Claire - Mamawi Lake 
area through the Quatre Fourches channels during a short period 
in early May, when floodwaters overtopped the dam. Access 
through the Baril and Claire Rivers may also have occurred 
during this period of high water. Contimuing studyeawall econhium 
whether goldeye spawned successfully im. the Delta “area. Any 
plans for permanent water control structures WLoMe stash spassage 
facilities must take cognizance of the role that normal water 
regimes play an (directing and controlling spawning uns Ofte iin 
to the Delta during Spring floods. Curren velocities may be 


Critical 
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INTRODUCTION 


Recent changes in the water level regime of Lake Athabasca have 
called into question possible detrimental effects on the success 
of lake trout reproduction. A water level decrease could 
possitly be of particular importance in the narrow portion of 
the Lake east of Poplar Point, (Fig. 1) where the seiche effect 
produced by autumn winds might be most pronounced. The present 


study pursued the following objectives: 


(1) To record lake trout spawning times and distribution of 


spawning areas. 


(2) To observe the effect of wind-induced currents and 


temperatures on trout spawning activity. 


(3) To observe underwater the depth distribution of spawn and 
to examine whether winter decreases in lake level in the 
eastern portion of Lake Athabasca are great enough to harm 


these eggs. 
(4) To tag lake trout; to record their movements. 


The field program started on September 10 and continued to 
Qctober 5. Personnel involved in various aspects of the work 
micluded* Re Peo, JOHNSON, L.  M. Royer, M. ee eoCODLe,. 0 Beiee rs 


Bergman, A. R. Cotter, and F. Powder. 


BETACLDS 


Interviews with fishermen and sampling of the commercial catch 
were carried out at the Co-op Fishery processing  eplantisgat 
Crackingstone  sPOInt @a(r 7 C 4m! jeeume - mmcoy Schlader, the) camp 
manager, supplied accommodation and uscfru beintormat1oON eel nemcts 
phase of ‘the work.” The location of trout catches and sexual 
maturation of female trout were reccrded here from September 16- 


2a 


A field camp was set up at Adair Bay on the north “shore, +north 
of “Poplar Point, trom September 1230 Cctoberss Mrigee 2).sclLe 
nets of 1- to 3-inch stretched mesh were used to capture EEO ie 
on spawning substrate within a t-mile radius of the camp. Fash 
in good condition were tagged with numbered Floy dart streamer 
tags inserted at the ase™oL eric dorsal’ fine" Dail yrsurtace water 
temperatures and wind velocities were observed and a rough lake 
level check was kept. Examination of suitable spawning substrate 
for trout eggs was made here by a SCUBA diveraeiandrecare dlass- 


bottomed viewing box was used in other areas. 
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Adair Bay locale showing areas of net sets and 
areas searched for eggs 


OBSERVATIONS 


SPAWNING AREAS 


Interviews with knowledgeable fishermen and others indicate that 
trout spawning areas are widespread over the lake, with a strong 
suggestion that areas of concentration have changed over a 
period of time. In the early years of the fishery, good catches 
of spawners were made as far east aS Grease Bay, but these 
catches rapidly diminished. Spawning is reported to eccur along 
the entire north shore at least as far west as Maurice Point. A 
heavy concentration of uniformly small spawning trout (averaging 
2.5 1b) has been harvested from the bay between Metos Bay and 
Deadcree Point. Ripe trout have been taken on several rocky 


Shoals along the south shore. 


While the shoreline north of Poplar Point has been reported as a 
favored spawning area in past years, there is a conviction among 
many fishermen that the preferred spawning grounds are now _ the 
Maurice Point - Lobstick Island area. The paucity of trout in 
the survey nets set in the Adair Bay area and the heavy 
commercial catches in the Maurice Point - Lobstick Island area 


support this suggestion. 


The commercial trout catch by the Crackingstone fishermen from 
September 16-22 was concentrated in three locations. The largest 
part of the catch (65 percent) came from the Lobstick Island - 
Maurice Point - Beartooth Island area. Some 15 percent was 
produced near Crackingstone Point and 20 percent near Oldman 


Island. Four notably large (47-60 lb) female trout were taken 
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near Long Island in this sampling. This area is termed the ‘old- 


folks home' for trout by some of the experienced fishermen. 


Examination of the gonad condition of 380 female trout in the 
commercial catch between Oldman Island and Maurice Point Ves 


summarized below: 
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Condition of Gonad 


Date Green Near-ripe Ripe Spawned out TOcae 
Sepr. pic q 24 4 1 36 
Sept. 18 3 8 2 = ths 
Sept. malo Es Sig 10 = 74 
Sept. 20 iy 109 22 6 148 
Sept. 2 12 47 45 5 109 
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Up to September 20, 83 percent of the fish were not ripe; on 
September 21 about 40 percent were ripe. Only a small number of 
fish were spawned out. The fishery ended before major spawning 


had occurred. 


There was a strong suggestion from the interviews with fishermen 
that trout in the eastern portion of the Lake spawn up to two 
weeks earlier than those in the western end. Data from the 
present study fail to clarify this point. Certainly, if much 


Spawning took place in 1971 it was later than usual. (Spawning 


reportedly was over in 1970 by September 13.) 


Four fish examined from the Crackingstone catch had eggs in the 
Ovaries which were obviously not sufficiently developed for 
spawning in the current season. The incidence of trout which do 
not spawn each year would have to be determined by examination 
of the catch throughout the year; Miller and Kennedy (1948) 
found spent, ripe, or immature females on one spawning area in 
Great Bear Lake, while through the year a number of mature fish, 


which would not spawn in the current season, were noted. 


Spoor VALLONS (ON (PHYSICAL CONDITIONS 
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Surface water temperatures were about 11-129 C when the camp at 
Adair Bay was first set up on September 14 (Table 1). The lake 
cooled slowly to below 10° C on September 24 and was between 
8.5-99 C when the camp was dismantled on October 4. The weather 
was generally windy with five calm days in the 18 days of wind 
measurement. Windstorms on September 24-26 and 28 and on October 


1 prevented boat travel by the survey crew. 


Water levels between September 17 and October 4 varied by 18 


inches, with a general decline of about a foot. 


GILL NET CATCHES 


Bliieneto. Were wceteat pes ocations e(Fig. 2) within! a four-nile 
radius of the Adair Bay camp from September 16 to Cctober 4 
inclusive. A total of 764 fish were captured (Table 2). Among 
these were 83 trout, a very meager catch for a ‘preferred 


Spawning area.' No trout were caught during the first four days 
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of fishing. A few were caught on following days, reaching 20 
individuals on September 23. A three-day windstorm followed; 
when it was again possible to lift nets on September 27, a catch 
of 22 trout was made, most of which were in lively condition. 
The catch then dropped off rapidly and after September 30 only 


one trout was captured. 


Condition of 23 female trout examined during the gill netting is 


found below: 


Date NGne Obert sit Condition 
Sept. 20 2 Green 
Sept. 22 3 Near-ripe 
Sept: S 8 Near-ripe 
Sept. 27 4 Ripe 
Septv..929 4 Ripe 
Sept. 30 2 Ripe 
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It appears that the complete maturation of eggs occurred 


simultaneously with the three-day storm of September 24-26. 


Forty-seven trout were tagged and released, with tags labeled 

"Ret. Sask. Fish. Br. DNR." Most of these trout were estimated 
8 

£0 weigh from 3-7 lb, With a. tewsover (00 Lb wands cnc aDOU Uae 


lb. Tag numbers and the associated date of tagging are listed 


below: 


Date tagged Tag numbers 
Sept. 20 10 O=s1.073 
Sept. e2:| 11104-11108 
Sep tea TATOOS StS 
SED tae el LOosl aloud 
Septet ta 2 Olt 
Sept. 29 11143-11145 
OG 4 11146 
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On September 30, wind conditions were calm enough to allow a 
careful underwater search for trout eggs on seemingly suitable 
rock rubble in areas where trout had been captured (Fig. 2). 
Such substrate was found down to depths between 6 and 12 feet; 
below this, sand was encountered. Although a considerable 
stretch of shoreline was examined (approximately 1,500 yards), 
and a search made in crevasses among the rocks, no eggs were 


seen. 


A less-detailed search for eggs using a glass-bottomed viewing 
box was made on October 2 and 3. Depths from 2.5 to 6 feet were 
Scaineg@ucalong jethewmshore sof stwoaslands ,(Pig. «2),..but again no 


eggs were seen. 
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DISCUSSION AND CONCLUSIONS 


The variety of spawning areas known to the commercial fishermen, 
and the opinion that there are different spawning periods in 
various areas of the lake, suggest the existence of several 
physiological races of trout in Lake Athabasca. The reported 
stock of small trout spawning between Metos Bay and Deadcree 
Point may be one of these. The literature on lake trout reveals 
that two or more populations can inhabit the same lake (Hubbs, 
1930. Dymond, 1926). Eschmeyer ((1964) indicates that as Many) 7as 


a dozen subpopulations are believed to exist in Lake Superior. 


Three possibilities exist as to the time of Spawning in the 
Adair Bay area. Spawning may have occurred before the camp was 
set up; undetected spawning may have occurred while the survey 
crew was present; or spawning may not have occurred until the 


camp was dismantled. 


If spawning had already taken place before the Adair Bay camp 
was established, the eggs were completely removed by some 
unknown factor. This seems improbable. The trout which were 
first caught in the area were not ripe. The local helper stated 
that ‘eqqs Jaid in this area an other years Hees nalelOWe (Neo te) 


water were easily seen. 


DeRoche (1969) found that one or two dayarusot sestnongu@awinds 
provided the stimulus needed to initiate major spawning. Windy 
weather generally prevailed at Adair Bay while the survey crew 
was there (Table 2). The storm of September 24-26 seemed to 


bring the females to a ripe condition. However, the presence of 


Gill 


ripe fish, with none observed to be spawned out on days 
following the storm, and the absence of eggs four days later, 


indicate that spawning had not been extensive up to October 4. 


Since surface water temperatures (Table 1) were below those at 
which trout spawn (11-99 C) when the Adair Bay camp was 
dismantled, it is conceivable that most of these fish might not 
Spawn in 1971. Rawson (1961) reports that ioeLac sla, nonge, tne 
trout arrive on the spawning reefs at water temperatures of 139 
C. Water temperatures at the onset of spawning are near (ibe Ps ) 46 
and 9-10° C when spawning ends. Spawning in Lac La Ronge appears 
to take place in a rather short period, usually within the first 


week of October. 


Fvidence of extensive suitable trout spawning grounds over 
widely separated areas of Lake Athabasca appears to minimize any 
detrimental effect of seiches in the restricted Poplar Point 
area. More serious questions seem to be whether year-class 
recruitment is only sporadically successful, what proportion of 
the mature fish spawn annually, and the fate of eggs spawned in 
very Shallow water. The past history of an abundant trout 
population indicates that spawning habits have been adapted to 


overcome these difficulties under past conditions. 
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INTRODUCTION 


During the summer of 1971, a survey of the plankton and bottom 
fauna present in the Peace-Athabasca Delta was carried out under 
the sponsorship of the Peace-Athabasca Delta Project and the 
University of Alberta. The objectives of the survey were to 
obtain needed background information on the plankton and bottom 
fauna found in the Delta and to compare aquatic invertebrate 
fauna in different regions of the Delta with respect to 
aval table 100d | Lor fish> In «addition, the background data 
provided by this survey will be useful for comparing information 
from future investigations to determine any drastic changes that 
may take place. Since no previous limnological work has been 
done in the Delta region, the present report contains only 
information regarding diversity and biomass differences between 
sample sites during a portion of the year and does not take into 


account seasonal or annual fluctuations. 


As part of a larger ecological study of the Delta, this survey 
was especially concerned with the possible detrimental effect of 
lowered water levels on aquatic life in shallow lakes and 
streams of the Delta. It was speculated that low waters, with 
consequent freezing to the bottom, in most of the Delta might 
seriously reduce bottom fauna populations and affect certain 
major zooplankton species. Since zooplankton and bottom 
organisms are major sources of food for goldeye (Hiodon 


alosoides) adults and fry, as well as other species of fish, 


there was concern that reduced populations of plankton and 


bottom organisms would result in a significantly smaller fish 


eZ 


crop and/or growth rate. Concern was also shown for the lack of 
Significant seasonal flooding that has occurred since the 
filling of Williston Lake Reservoir on the Peace River. This 
flooding used to have _ the effect of recharging the normally 


isolated shallow surrounding lakes with nutrients and organic 


deLe yes: 
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METHODS 


PLANKTON 


ee ee 


Plankton sampling sites were predetermined Oi eds. Nap OLrsby 
investigations in the field. In general, sampling covered as 
much of the Delta as possible within the time limits (Fig. 1). 
However, only selected sites were analyzed neve species 
composition, while biomass was determined for all sites. 
Therefore, the Species list is only tentative. Capture of 
plankton involved a Model 4Q Wildlife Supply Wisconsin-type 
plankton net, #20 mesh. When towing the net several inches 
beneath the surface at a standard velocity of 1 metre per second 
for a period of 10 seconds, approximately 100 litres of water 
were filtered at any one time. The plankton net was towed in the 
above-mentioned position at all sites because of shallow water 
conditions in most areas and in order to maintain uniforn 
sampling conditions. It is possible that maximum zooplankton 
concentrations were missed in some cases, but the relative 
amounts should remain constant throughout the water column due 
to heavy wind and/or current conditions that occurred during the 
sampling period. Periodic vertical or diagonal hauls did not 
show any significant differences when put on a per litre basis. 
One horizontal haul was made at each site; the samples were 
washed out and preserved in a 10 per cent formalin solution in 


16 dram plastic vials. 


Transportation involved using a powered freighter canoe for most 


of the sampling. However, isolated locations were approached by 


H 4 


helicopter or float-plane. 


Organisms were identified according to Edmondson (1959) and 
Pennak (1963). The relative abundance of each group, genus 
and/or species, applies within individual samples and no attempt 
was made to compare the above between samples. Plankton volume 


was measured by allowing all organisms to settle in calibrated 


centrifuge tubes for a comparison between samples. 


Phytoplankton was not looked at in any detail. Net plankton were 
only noted where they cccurred in large numbers, such as_ the 


Canadian Shield lakes at sample sites 44 and 45 (Fig. 1). 


Crustacean zooplankters were observed in the most detail, having 
been the most important plankters in terms of a food source for 


frsh-. 


Rotifers were only noted where there was an extreme abundance of 
a particular species. Therefore, they were not analyzed 
consistently in all samples. They should be looked at in greater 


adetatrl ian the future. 


BOTTOM INVERTEBRATES 
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Replicate bottom samples were taken at each site with a 6-inch 
Eckman dredge. These were then cleaned with a 0.6 mm Sieve and 
later sorted under a dissecting microscope. After removing 
excess water from the animals, they were weighed to the nearest 
milligram in the laboratory. Identification was made according 


to Edmondson (1959). 


FIG. 1 


Willow Pt.2 
25a, 


Welstead 
Lake 


Limnological Survey Sampling Sites, 1971 


> 


Y 


Loutit 


iN Fleit Lake S “ee 45 bt 


A 


34 
Burntwood 
Island 


Bustard 
Island 


LAKE 


atre Bn 
ourches : 


Hed 


RicsUict o AND sDisCUSS LON 


PLANKTON 


Analyses of the samples indicate that crustacean zooplankton 
organisms were very abundant, while net phytoplankton cells were 
scarce in the Delta region (Table 1). The zooplankton diversity, 
in terms of numbers of species, is not exceptionally great in 
this region; but the samples, using volume determinations, 
showed relatively high biomass of the larger species such as 
Daphnia magna, D. pulex, and Epischura nevadensis (Tables 1 and 
2). The mean biomass was greatest in Lake Claire, followed by 
Richardson Lake, the Prairie River complex, and Mamawi take: 
decreasing to minimum values in the Riviere des Rochers and Lake 
Athabasca regions (Table 2, Fig. 1). The mean value for the 
Canadian Shield lakes (8.4 cm3) is misleading since inspection 
confirmed that these samples contained large quantities of 
phytoplankton (Anabaena, Gloeotrichia, and Aphanizomenon) and 
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very little zooplankton. 


The existence of relatively high numbers of large zooplankton 
species was surprising since it is usually assumed that these 
animals are directly dependent upon phytoplankton for food. The 
apparent searcity of phytoplankton would mean that those 
organisms have to rely heavily upon another food source. 
Evidence suggesting low phytoplankton production in the Delta, 
At leasteat) certain times, wasethe high turbidity factor due to 
Wand) plaX%inge in “the “shallow lakes *and/or —the inflow of 


allochthonous materials from the river systems. The Secchi disc 
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Table 2. Zooplankton volumes (cm3 from the filtration of 100 
litres of water). 
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Sample 
Site No. cms Mean 
Lake Claire q 20 
8 G.e3 
20 4 
21 1 
22 SF ies) 
25 a 4 4.6 
b 1625 
POA) 1.6 
30 2 
31 1.6 
32 (Bis: 
Birch River 23 VPS Za 
Prairie River 
complex 1 6 
2 2 
4 ‘ees 
5 DES 323 
6 3 
9 1 
24 o 
Mamawi Lake 3) Pe) 25 
Quatre Fourches 
River V2 Zak 
39 0.4 dees, 
Fort Chipewyan-Lake 
Athabasca net 0.8 
33 0.4 0.6 
Lake Athabasca 34 On 
35 Gao 0.4 
Canadian Shield 
lakes Yu Lez 
45 (1) i) 8.4 
(2) 14.0 (mostly 
phytoplankton) 
Riviere des Rochers 4 4 0.6 
42 065 Or. 6 
43 O27 
Richardson Lake 46 0.4 
47 120 Sie 0 
Mamawi Creek 38 0.88 0.9 
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readings of the Delta lakes never exceeded 5-10 centimetres; 
Petco wOULdmvenGeuOrLIny wep yYCOpsankton sproductron. tiny contrast, 
the Canadian Shield lakes showed Secchi disc readings of over 2 
metres (sites 44 and 45, Fig. Fe These Shield lakes had large 
standing crops of phytoplankton and presumably much greater 
primary production. However, the effect of cropping by 
zooplankton in the Delta lakes has not been considered in any 
detail; but it is unlikely that this is the major cause for the 
scarcity of phytoplankton, for the reasons given above. One 
possible food source is still being investigated by Dr. M. 
Hickman, nace Department, One resy of Alberta; that consists 
of epipelic algae which would only be found in MJlarge numbers 
around the margins of lakes where solar radiation can penetrate 


Gor wile DOCLOM. 


Assuming the preceding conditions, the zooplankton must be 
getting the major portion of their food from another source. 
Nauwerck (1963), in ae study of zooplankton-phytoplankton 
relationships in Lake Erken, Sweden, noted that the primary 
production of phytoplankton was not sufficient to sustain large 
zooplankton populations. He suggested that a large portion of 
the food must come from organic detritus and bacteria. Further 
support is given by Straskraba (1966) who states that a heavy 
flow of water into the Slapy Reservoir, carrying a large amount 
of allochthonous Matter, may be responsible for ae high 
POOplanKktOn Standing crop. Lt "is ~telt "that -this~ situation 
prevails in the Peace-Athabasca Delta. The heavy inflow of water 


into the Delta at certain times brings in large guantities of 
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organic detritusewhich issacted Unous byeebactcni a; ee OLmingagan 
organic detritus-bacteria complex. The wind action, either by 
direct or seiche movement, ensures that this material is 
constantly suspended in the water column and therefore readily 
available for filter feeding zooplankton organisms. This may in 
part explain the high zooplankton populations. Under these 
conditions, food may never become a limiting factor for the 


production of zooplankton. 


The heavy dependency of fish on zooplankton for food was rather 
surprising. During the summer, an opportunity arose to observe 
the stomach contents of fish captured for the goldeye study 
conducted by Dave Fernet of Saskatoon. A high percentage (up to 
60%) of the stomach contents of adult goldeye proved to be 
zooplankton. The remainder was composed of corixids and to a 
lesser extent, insect larvae and.minnows. Another fish study 
conducted at Richardson Lake by Karl Dietz, Alberta Department 
of Lands ana Fouests,..afish,. andp Wildleafe spiviscion, ~crevedied 
similar results with walleyes (Stizostedion vitreum vitreum); a 
large portion of the diet was zooplankton. Analysis of the 
stomach contents of some walleye fry showed that the zooplankton 
content was very high (greater than 90% in most cases). The 
utilization of zooplankton by young fish is well established, 
but the high incidence of zooplankton in the stomach contents of 
adult fish is unique as far as goldeye are concerned. The 
gillrakers of goldeye are short and widely spaced, hot conducive 
to plankton feeding. McPhail and Lindsey (1970) state that these 


fish utilize mostly aquatic and terrestrial insects with some of 
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the larger goldeye eating smaller fish and mice. It is also 
stated that goldeyes frequent very turbid waters and feed mainly 
on the surface at night in thiS geographical region. They 
suggest that the eyes may be adapted for night vision as well as 
for vision in turbid waters. Therefore, zooplankton predation 
would be a visual process and goldeye would select for the 
larger species. This means that the existence of high numbers of 
large zooplankton species (i.e., Daphnia magna, Daphnia pulex, 


and Epischura nevadensis) may be an unusual situation in the 
Delta region. Brooks and Dodson (1965) and Dodson (1970) have 
shown that when zooplankton-feeding fish are present, there is a 
size selection for the larger species with these larger 
organisms ultimately disappearing from the plankton. Why the 
large zooplankton species have not been eliminated from the 
Delta is not clear. It may be that visual predation by the fish, 
coupled with limited visibility due to high turbidity, allow 
enough organisms to escape for reproduction, since the gillraker 
morphology of the adult fish apparently is not conducive to 
filter feeding. Another possibility is that predation upon 
zooplankton is relieved by the migration of adult fish out of 
the Lake Claire - Mamawi Lake area in late July (Kooyman, 1972). 
However, it does not seem likely that predation would decrease, 
but rather increase in the Lake Claire - Mamawi Lake area due to 
the number cf fry present during the summer. Kooyman (1972) and 
personal observations have confirmed that the above-mentioned 
area is important as a nursery for goldeye. Other regions of the 
Delta are apparently of equal importance as nurseries for other 


fish, such as walleye. A final possibility for the existence of 
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large zooplankton species in abundance is that the reproductive 
rate exceeds “that” of “the “predation rate. “This would onlyobe 
possible during the entire summer period if there was an 
unlimited food supply as previously suggested. With the periodic 
replenishment of "organic detritus, “coupled™= with “continual 
suspension of food particles in the water column, it is possible 
that the fish» cannot “crop = the == Zooplankton —das8 factemds eelcy 
reproduce. Also, development times of eggs and embryos, as well 
as instar duration, are regulated by temperature. The shallow 
Delta lakes tend to warm quickly to relatively high 
temperatures, thus enhancing reproduction (see Appendix). This 
final hypothesis, excessive food coupled with warm conditions, 


seems to be the most plausible explanation for the existence of 


high numbers of large zooplankton species. Further 
investigation, however, is required to substantiate this 
hypothesis. 


Complete freezing of the Delta lakes and a portion of the west 
end of Lake Athabasca during the previous winter (1970-71) 
seemed to have little effect on plankton populations, as would 
be expected. Most zooplankton organisms have resistant stages, 
Stich as the €phappial eqqs of Cladocerason esting estagessormcic 
Copepoda in the bottom muds. Ephippial eggs can withstand 
freezing and, in fact, may need alternate freezing and thawing 
before development starts in the spring. Also, the spring flow 
of water into the Delta would tend to recruit new organisms of 


scme species. 


The distribution of Daphnia magna in the Delta region is 
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interesting. This species was found only in Lake Claire and at 
one station on Prairie River, possibly due to being carried out 
of the Lake by currents (Table 1). The only possible explanation 
of distribution is the chemical composition of the lake water 
(Table 3, from Reeder, 1971). However, since both Lake Claire 
and Mamawi Lake show equally high sodium, calcium, chloride, and 
sulfate content, as compared to Lake Athabasca, the lack of 
Daphnia magna in Mamawi Lake may be due to inadequate sampling. 
Reeder (1971) states that rivers and streams which drain over 
sedimentary rock before entering the Delta show relatively high 
amounts of the above chemical constituents. This is especially 
true of the Birch and McIvor Rivers that enter Lake Claire (Fig. 
1, Table 3). It would appear that conditions, including chemical 
characteristics, are nearly optimum for Daphnia magna in Lake 
Claire, but not in other regions of the Delta. However, most 
species of zooplankton, including Daphnia pulex and Epischura 


a Sea ee oe a ee Se Se 


nevadensis, are relatively tolerant to a wide range of salt 
concentrations and therefore occur in large numbers in the 
Delta. Critical conditions may arise if permanent dams are 
constructed to maintain constant water levels in Lake Claire, 
Mamawi Lake, or other regions of the Delta. This would tend to 
increase the chemical concentrations which may exceed the 
tolerance limits of zooplankton organisms and fish. Large 
increases in the sodium, calcium, chloride, and sulfate content 
of Delta waters could possibly eliminate some of the large 


crustacean zooplankters, thereby reducing fish food, or could 


affect the reproduction and/or physiology of the fish directly. 
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BOTTOM INVERTEBRATES 


The results for each station are given in Table 4. A total of 25 
families were identified. A short description of each group is 


as follows: 


Nematoda 


ee eee 


These could not be identified to family because the interior 
tissue had disintegrated. There are at least two species 
belonging to the Class Phasmida. They were found on the west 
shore of L. Claire, L. Mamawi, and L. Athabasca, and in two 


small adjacent lakes. 


—— eee See ee 


There are at least three species, all belonging to the 


Tubificidae. They were found at most stations. 
Hirudinea 


These include Glossiphonia complanata, Helobdella stagnalis, and 


one unidentified species. They were found primarily in the 


region between L. Claire and L. Mamawi. 


Conchostraca 


These belonged to the genus Caenestheriella. They were found at 


the north end of L. Claire and at the mouth of the Riviere des 


Rochers. 
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Table 4. Bottom invertebrates identified and weighed from 
replicate (2) six-inch Eckman dredge samples taken at 
various stations. 


Wet weight (milligrams) by Station & Sample 


Group Va a2 2a Na 23 1 So sla ioee Oeal 


Nematoda 
Oligochaeta 
Tubificidae 628] 1526 
Hirudinea 
Glossiphoniidae 14 lg, 
Conchostraca 
Cyzicidae 
Ostracoda 
Cypridae 
Amphipoda 
Gammaridae 
Ephemeroptera 
Caenidae 
Siphlonuridae 
Baetidae 
Odonata 
Agrionidae 
Hemiptera 
Corixidae Wy 
Trichoptera 
Leptoceridae 25 
Molannidae 
Limnephilidae 
Coleoptera 
Dytiscidae 
Diptera 
Chironomidae 68 Sa 5 
Ceratopogonidae 1 
Tabanidae 
Hydracarina 
Pionidae 
Eylaidae 
Pelecypoda 
Sphaeriidae 193] 1900] 431; 612 
Gastropoda 
Lymnaeidae 8; 214 Sas 
Planorbidae 
Physidae | 
Valvatidae : 


Total 912133779) 5491).630 1 101 1 2e eet del ethos onl Ob eho 
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11 ate 26) 406 


* = less than 1 mg. (Continued on next page,) 
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Table 4. Continued. 
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Wet weight (milligrams) by Station & Sample 


Group BB 2am 11208 


Nematoda 
Oligochaeta 
Tubificidae 
Hirudinea 
Glossiphoniidae 
Conchostraca 
Cyzicidae 
Ostracoda 
Cypridae 
Amphipoda 
Gammaridae 
Ephemeroptera 
Caenidae 
Siphlonuridae 
Baetidae 
Odonata 
Agrionidae 
Hemiptera 
Corixidae 
Trichoptera 
Leptoceridae 
Molannidae 
Limnephilidae 
Coleoptera 
Dytiscidae 
Diptera 
Chironomidae 
Ceratopogonidae 
Tabanidae 
Hydracarina 
Pionidae 
Eylaidae 
Pelecypoda 
Sphaeriidae 
Gastropoda 
Lymnaeidae 
Planorbidae 
Physidae 
Valvatidae 


16 


Total 


eee 


* = less than 1 ng. (Continued on next page.) 
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Table 4. Continued. 
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Wet weight (milligrams) by Station & Sample 


Group o122)(2923 22-1 |22-2 [23-1 [23-2 


Nematoda 
Oligochaeta 
Tubificidae 
Hirudinea 
Glossiphoniidae 
Conchostraca 
Cyzicidae 
Ostracoda 
Cypridae 
Amphipoda 
Gammaridae 
Ephemeroptera 
Caenidae 
Siphlonuridae 
Baetidae 
Odonata 
Agrionidae 
Hemiptera 
Corixidae 
Trichoptera 
Leptoceridae 
Molannidae 
Limnephilidae 
Coleoptera 
Dytiscidae 
Diptera 
Chironomidae 7 
Ceratopogonidae 
Tabanidae 
Hydracarina 
Pionidae 
Eylaidae 
Pelecypoda 
Sphaeriidae 
Gastropoda 
Lymnaeidae 
Planorbidae 
Physidae 
Valvatidae 


* = less than 1 mg. (Continued on next page.) 
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Table 4. Continued. 
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Wet weight (milligrams) by Station & Sample 


Group EO eye ost yee Te cOStIMoUs eho 1 is i—2 132- lag2s 


Nematoda Zz sas 
Oligochaeta 
Tubificidae * 13 1 
Hirudinea 
Glossiphoniidae 
Conchostraca 
Cyzicidae 
Ostracoda 
Cypridae 3 1 
Amphipoda 
Gammaridae 
Ephemeroptera 
Caenidae 
Siphlonuridae 
Baetidae 
Odonata 
Agrionidae 
Hemiptera 
Corixidae 
Trichoptera 
Leptoceridae 
Molannidae 
Limnephilidae 
Coleoptera 
Dytiscidae 
Diptera 
Chironomidae 1 iz 
Ceratopogonidae 
Tabanidae 
Hydracarina 
Pionidae 
Eylaidae 
Pelecypoda 
Sphaeriidae SP p PUR 
Gastropoda 
Lymnaeidae 3 
Planorbidae 
Physidae 
Valvatidae 


a a a ee ee oe ee 


Total 4; 145 2 
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* = less than 1 mg. (Continued on next page.) 
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Table 4. - Continued: 
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Wet weight (milligrams) by Station & Sample 


oe 


Group SUSVIBET ZR OT ATag Seo ag ob~ 1S o- 3 Ibo ele. 


wee ee eee ee 


Nematoda 
Oligochaeta 
Tubificidae 15 
Hirudinea 
Glossiphoniidae 
Conchostraca 
Cyzicidae 100 
Cstracoda 
Cypridae 1 
Amphipoda 
Gammaridae 3 5 9 
Ephemeroptera 
Caenidae 
Siphlonuridae 
Baetidae 
Odonata 
Agrionidae 
Hemiptera 
Corixidae 
Trichoptera 
Leptoceridae 
Molannidae 
Limnephilidae 
Coleoptera 
Dytiscidae 
Diptera 
Chironomidae 3 4 3 42 
Ceratopogonidae 
Tabanidae 
Hydracarina 
Pionidae 
Eylaidae 
Pelecypoda 
Sphaeriidae 
Gastropoda 
Lymnaeidae 
Planorbidae 
Physidae 
Valvatidae 


Tota 0 6 9} 104 66 
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* = less than 1 mg. (Continued on next page.) 
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Table 4. Continued. 


Wet weight (milligrams) by Station 


Group 42-2 [42-3 J43—1 |43-2 44-3 [44-4 [45-1 


Nematoda * 
Oligochaeta 

Tubificidae 15 
Hirudinea 

Glossiphoniidae 
Conchostraca 

Cyzicidae 24 
Ostracoda 

Cypridae 
Amphipoda 

Gammaridae * 45 
Ephemeroptera 

Caenidae 

Siphlonuridae 

Baetidae iz 
Odonata 

Agrionidae 
Hemiptera 

Corixidae 
Trichoptera 

Leptoceridae 

Molannidae 

Limnephilidae 
Coleoptera 

Dytiscidae 10 
Diptera , 

Chironomidae 4 * 

Ceratopogonidae 

Tabanidae 36 
Hydracarina 

Pionidae 

Eylaidae 
Pelecypoda 

Sphaeriidae 
Gastropoda 

Lymnaeidae sls, 26 a Pia fo) 

Planorbidae 

Physidae 

Valvatidae | 


* = less than 1 ng. (Continued on next page.) 


Table 4. Continued. 


Wet weight (milligrams) 


Group 


Nematoda 
Oligochaeta 
Tubificidae * 
Hirudinea 
Glossiphoniidae 
Conchostraca 
Cyzicidae 
Ostracoda 
Cypridae 
Amphipoda 
Gammaridae 
Ephemeroptera 
Caenidae 5 
Siphlonuridae 
Baetidae 
Odonata 
Agrionidae 
Hemiptera 
Corixidae 
Trichoptera 
Leptoceridae 
Molannidae 
Limnophilidae 
Coleoptera 
Dytiscidae 
Diptera 
Chironomidae 
Ceratopogonidae 
Tabanidae 
Hydracarina 
Pionidae 
Eylaidae 
Pelecypoda 
Sphaeriidae US) 2 
Gastropoda 
Lymnaeidae ZO 
Planorbidae 51 
Physidae 
Valvatidae 


ee a a ee ee 


eOtden 20 qs 


* = less than 1 ng. 
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by Station & Sample 


46-2] 47-1] 47-2 


ee EE ee ee 


11 


a 


80 Total for all stations = 
167, 02590 


ee ee eee 
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Ostracoda 


SS eS ee ee 


At least three species, all belonging to the Family Cypridae, 


were found (only in L. Claire). 


Amphipoda 


Only the genus Gammarus was found. Found in both rivers and 


lakes, it was lacking in the L. Claire samples. 


Ephemeroptera 


Includes the genera Caenis, Neocloen, and Siphlonurus. They were 


— eS ae —— — SS = = 


generally distributed but were not found in L. Claire. 


Odonata 


Only one specimen of Ishnura was found, at Stn. 38 in L. Mamawi. 


Hemiptera 


Corixids were found primarily in L. Claire. 


DErchnoptera 


These included the genera Molanna, Oecetis, Limnophilus, and 


ee ae eee ae ee ae See eee 


Trienodes. These seem to be distributed throughout the region. 


ee eae ee Se 
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A few dytiscid beetles were found at three stations. 
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Chironomids, together with sphacrid clams and small lymnaeid 
snails, were the most abundant forms and were present at almost 
every station. A few tabanids and ceratopogonids were also 


found. 


Three specimens belonging to two families were found. One 


specimen seems to belong to the genus Forelia. 


ee ee ee ee 


Mollusca 


Fingernail clams belonging to the genera Sphaerium and Pisidiun, 


and snails belonging to the genera Lymnaea, Promenetus, Physa, 


All stations which were in areas of open water away from the 
littorabizone (3, 7,58, 5207 21,2278 ot ol ee CO) ee adirda sy Cl yao 
standing crop (mean: 9 mg wet weight/sample; range: 0-43). 
Furthermore, the shore stations along the eastern side of Lake 
Claire (25, 27, 30, 31) also had a very) low standing crop simean-: 
3 mg wet weight/sample; range: 0-14). This is probably due to 


the unstable conditions in this area as a result of wave action. 


The highest standing crops (greater than 500 mg wet 
weight/sample) were recorded from the lower reaches of the 
streams entering the lake system (Birch R., Stn. 23; Mamawi Cr., 
Stn. 38), from one of the smaller Precambrian Shield lakes (Stn. 


uu), and from a few channel areas between Lake Claire and Mamawi 
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ate (s Cie en pee eae eer AL Wether other “stations = shad "an 
intermediate standing crop with a mean value of 100 mg wet 


weight/sample. 


The only other investigations of bottom fauna in this region 
have been done in Lake Athabasca by Rawson (1947) and McDonald 
(1965) and did not include the Delta. Rawson's paper is the most 
comprehensive and will be used for a comparison with the present 


study. 


Rawson stressed the similarity of Lake Athabasca with Great 
Slave Lake, since both lakes were broadly joined during the 
Petreat cr the Keewatin 1ce sheet. The fish "faunas*-of ‘the’ «two 
lakes differ little. On peg4, Rawson states: "In 214 idredgings 
from all parts of the lake the average population (of benthic 
invertebrates) was 1,200 per square yard and the average dry 
weight Of Organisms 2.9 lbsyacre. This compares closely with the 
average of 1,275 organisms per Square yard and 3.4 pounds dry 
weight per acre in the main part of Great Slave Lake (excluding 


the very deep Christie and McLeod bays)." 


"The bottom fauna of Lake Athabasca is dominated by the shrimp 
Pontoporeia, which contributes 61 percent of the numbers and 70 
percent of the weight of the population. Similar dominance was 
observed in Great Slave Lake, where it forms 82 percent of the 
numbers and 76 percent of the weight" . . . "Minute snails and 
clams and the larvae of midges make up most of the remainder of 


the bottom population of Lake Athabasca. They are important as 


food for bottom-feeding fish especially in the shallow west end 
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"The resemblance both in guantity and quality between the bottom 
fauna in Great Slave Lake and -Athabasca is helpful in our 
deductions as to the relative productivity of the two lakes. 
When we note also the similarity in the amount of plankton and 
in certain fundamental physical and chemical features, it seems 
probable that the two lakes have about equal capacity per unit 


area, for Sfish production. 


Since the 60 samples in this present survey each covered an area 
of 625 sq cm, the total area sampled was 60 x 625 = 13,500 sq cm 
or 1.35 sq m. Therefore, the total wet weight collected from the 
1.35 sq meters was 16,025 mg or 16.03 gr, the average wet weight 


per meter would be 11.9 or about 12 gm/sq nm. 


Rawson's estimate of 2.9 lbs/acre converts to 0.11 gm/sg m of 
dry weight. Since 70 percent of Rawson's collection consisted of 
wet weight, the above dry weight value of 0.11 gm/sq m would 
correspond roughly to 1.1 gm/sq m of wet weight. This is only 10 
percent of the present standing crop of 12 gm wet weight per sq 
m estimated in the present survey. However, this is to _ bhbe 
expected since the data from the present survey and that of 
Rawson's are not directly comparable. Rawson's samples were only 
taken in Lake Athabasca in the open water zone while those in 
the 1971 survey included samples from stations in the Delta, 
Lake Athabasca, and two Shield lakes, primarily in the littoral 


zone (Fig. 1). It is a well-established fact that the littoral 
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zone is much more productive, thus distorting any comparison. 


This present survey does emphasize the low Stalin jar clLOpar on 
bottom fauna for shallow water regions, especially in Lake 
Claire. Since this area is particularly important as a nursery 
for goldeye, the lack of bottom organisms would place a greater 
dependence upon the zooplankton as a source of food. It has been 
Stated previously that the mature, as well as the young, goldeye 
generailty utilize plankton for food in this area: Due to low 
sudtdingy crops “of bottom organisms, this would probably be due 


emnecCessicy rather than choice, especially for adult fish. 


The low standing crop of bottom organisms in many areas of the 
Welta, e€specially Lake Claire, may be due to several factors, 
including low dissolved oxygen, freezing to the bottom under low 
Water conditions, and siltation. However, it is felt that 
Stetation iS) the most critical “factor ‘by making the area 
unsuitable for most bottom life forms. Constant wind and wave 
action “causes high turbidity with resultant siltation, which is 
magnified by materials brought in by the various river systems 
during certain periods of the year. However, a more complete 
study of bottom invertebrates should be made, since the major 
portion of Lake Claire, for instance, freezes to the bottom 
during the winter, according to a water quality study conducted 
Dien poe ely, © before ace breakup. Also, nearly all areas of 
the lake that did not freeze to the substrate contained 0 ppm 
dissolved oxygen. Both of these factors may contribute to the 


distrsbution of certain bottom organisms. 
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The apparent lack of bottom fauna would have considerable 
influence upon management of the Delta for both fish and 
waterfowl and should be considered before final recommendations 


are made. 
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CONCLUSIONS AND FECOMMENDATIONS 


The following conclusions are based on only one summer's data 
and must be carefully evaluated before any long-term decisions 
are made. The preliminary studies reported in this paper should 
be continued on an annual basis for at least another year. With 
only one year's data, there is always the danger of making 
Management decisions based on data acquired during an atypical 
year. For example, abnormally high rainfall in the south during 
1971 brought water in via the Athabasca system and presumably 
caused atypical water levels in the Delta during the study 
period. Therefore, without further ecological studies, it is not 
entirely clear what the effects of low water levels, compounded 


by the W.A.C. Bennett Dam, would have on the Delta ecosystem. 


The shallow lakes and waterways of the Delta region are 
especially important for the production of large crustacean 
zooplankton organisms. These organisms are necessary as a food 
source for fish that inhabit this area, especially the fry. Any 
manipulations that would decrease the abundance of zooplankton 
or change the species composition would be detrimental to the 
system. A water control structure which would cause an 
accumulation of chemicals behind it could be detrimental to 
certain zooplankton and bottom fauna species, thereby affecting 
fhesiish indtrectiys Also; sa sstructure?’ that: does ,.not allow 
normal flow patterns in and out of the Delta lakes would not 
recharge the system with necessary organic detritus for 
zooplankton food. Evidence indicates that organic material is 


the main reason for high concentrations of large zooplankton 
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species. It is therefore recommended that the following studies 


bétainstiated or continucde 


1. Chemical loading of the Delta lakes should be continuously 


monitored, especially if permanent dams are constructed. 


2. Zooplankton food sources should be further investigated to 
determine the importance of natural recharging of the system 
with organic detritus versus phytoplankton primary 


production. 


3. A detailed food study of the fish should be conducted to 
determine the importance of plankton = 2n — the vaclcousme erie 
stages of the fish and the amounts of each major zooplankton 


species that are utilized. 


4. A seasonal study of the secondary productivity of major 


zooplankton species should be conducted. 


It is concluded that low water, with consequent freezing to the 
bottom, is nct detrimental to the present zooplankton 
populations. This was as expected since the major species have 


resistant stages that can withstand freezing and thawing. 


A more detailed study of the bottom invertebrates should be 
carried ott “im the Delta region. SThisestudy wndies tesethareuish, 
especially goldeye, are heavily dependent upon zooplankton aS a 
food source due to a lack of bottom organisms and other aquatic 


insects. However, this can only be proved by further 
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investigations. Further studies should include (1) the effects 
that lowered water levels with consequent freezing to the bottom 
have on the distribution of benthic organisms, (2) the effects 
That SpkOwi se {OL Sezerno oxygen EOC ota toes have on certain bottom 
wel ngsOrganisis ln Legard..sto. di stripution,.” and “(3) “the 
Cliects OL = Siltation Son) species distribution and “production. 
PipemcllPd aspect, siltation, us probably the most important. It 
is possible that any water impoundment structure which would 
impede normal anfilow and’ outflow of silt in the Delta, thus 
allowing much of this material to settle out, would add to the 
,hatural siltation process and affect the existing bottom fauna 
by smothering the organisms or making the habitat otherwise 
unsuitable. This could be especially serious immediately behind 


ahnyewater control structure. 


Since it has been established that the Delta is a nursery for 
fish, further studies should be conducted on the spawning 
activities of major species, especially goldeye. If the major 
Spawning activity occurs in the Delta Lakes (i.e., Lake Claire 
and Mamawi Lake), then consideration has to be given to getting 
adult fish in and out of the Lakes as well as getting the young 
fish out at the proper time of the year. It is not known if 
natural inflow and outflow of water in the Delta are necessary 
to move fish in or out Since they may respond to currents, 
carefully timed in nature, to move them at the most opportune 
time for survival. Manipulation of water flow could have 
disastrous results and should be investigated thoroughly. 


However, if spawning takes place in the various channels before 
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entering the lakes, then any water impounding structure would 
eliminate the fry from these lakes and the food source necessary 
for survival and/or rapid growth. Therefore, detailed studies 
should be undertaken before permanent water impounding 


structures are designed and constructed. 


The studies recommended in this report should be initiated as 
soon as possible since valuable time has been lostaeMuch 
information could have been gathered during the past winter 
regarding bottom invertebrates present in the mud under the ice 
as well as water chemistry and plankton samples where water 
existed. This wceuld have provided information necessary for a 


continuing study. 


This study, coupled with other studies of the Delta region, 
brings out the obvious conclusion that any manipulation of water 
flow into or Within the Delta willeatfect certain species, both 
invertebrate and vertebrate, and promote a selection process. 
Before construction of the Bennett Dam, with natural water flow, 
there was probably the maximum diversity of species for that 
particular set of conditions at that latitude. Conditions @ were 
probably only near optimum for a particular species for ashore 
period of the year. This, however, allowed for reproduction of 
the various organisms and maintained maximum species diversity 
under the existing circumstances. Any manipulations of water 
levels, including the Bennett Dam, would tend to he a selection 
process for certain organisms thereby eliminating other species 
and lowering the diversity. Any process that decreases species 


diversity in an area can be detrimental to the whole ecosystem. 
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With a large species diversity, the elimination of one (either 
naturally or artificially) may have little consequence on _ the 
entire system, but when there is limited diversity the 
destruction of one species may hae disastrous effects on this 
same ecosystem. Therefore, care has to be taken when considering 
the manipulation of complicated interactions between different 
organisms and/or between organisms and their environment such as 
exist in the Peace-Athabasca Delta. All factors should be 
carefully considered before establishing any definite long-term 


priorities from a management standpoint. 
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Appendix Water Temperatures* 
Sample Sites Date 
1 June 6 1971 
2 " 
3 " 
4 June 12 
5 
6 ih} 
") June 13 
8 ‘i 
9 1 
10 June 16 
11 " 
1 2 il 
1S June 17 
14 " 
1 5 iT] 
16 June 18 
17 s 
1 8 ih 
1 9 it] 
20 June 22 
2 4 T ] 
Pe 2 it] 
2 3 il 
24 June 24 
25 (a) ” 
29 4(b) “ 
2 6 ih} 
2 7/ 1] 
28 June 29 
Fas) June 30 
30 July 1 
3 1 “9 
a2 Jd? yee 
3 3 " 
34 July 4 
3 5 
36 JOULYe ao 
Sif JULY G16 
38 July 20 
3 9 i 
40 July 21 
41 “ 
42 
43 " 
Yu July 26 
45 WL 
46 JULY B27 
47 u 


*All temperatures were taken approximately 4 inches beneath 
surface. Missing temperatures were due to equipment failure. 
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ABSTRACT 


Using aerial photography, the vegetation of the Peace-Athabasca 
Delta was classified into wildlife habitat types. Habitat areas 
and lengths of shoreline were determined within each of the 11 
subdivisions of the Delta, and topographic surveys in the field 
permitted a determination of the vertical positioning of habitat 
types. A frequency distribution of spill levels of perched 
basins was made, and average depths of perched basins were 
determined. Estimates were made of annual loss of water from 
perched lakes. These data were collected to provide topographic 


input to the wildlife simulation model described in Appendix 0. 


INTRODUCTION 


Studies were initiated during spring 1971 to obtain quantitative 
information on wildlife habitat on the Peace-Athabasca Delta. 
Because numbers of wildlife on the Delta are partly a function 
of the amount of habitat available, and because their numbers 
were determined by sampling within habitat types, the studies 
required an accurate measure of the present habitat in order to 
expand sample wildlife population estimates to the entire Delta. 
A second requirement was for topographic information so that 
effects of water level fluctuations within the Delta could be 
expressed in area flooded or exposed at each elevation. Data 
were needed on vertical positioning of habitat types in order to 
relate the process of plant succession (Appendix J) to water 
level changes on the Delta, and so that, using the technique of 
Simulation modelling (Appendix 0), quantitative predictions 
could be made of wildlife numbers possible under various water 


regimes. 


This paper summarizes the information collected about habitat 
area and shoreline length present in 1970, vertical positioning 
and depths of perched lakes, vertical ranges of habitat types, 
and rates of area and shoreline loss within perched lakes 


between 1968 and 1971. 


G. Gentle, D. Surrendi, 9H. sDirschl, Cc. Paley, E-ennan, Ww. 
Anderson, and D. Holmes assisted in outlining procedure and/or 
analyzing the data. Ducks Unlimited (Canada) contributed 


personnel to the measuring of shoreline on the Delta. Field 
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Studies were carried out by S. White and 4H. Christensen, 
students of Opportunities for Youth Corps during the summer 
1971. Canadian Engineering Surveys Limited carried out the 


required survey studies during the winter 1971-72. 


METHODS 


SUBDIVISIONS OF THE DELTA 


The Peace-Athabasca Delta was subdivided into eleven regions on 
the basis of jurisdiction, proximity to the direct effects of 
Lake Athabasca and differences in average levels of the mayor 
lakes in relation to Lake Athabasca. Subdivisions A, B and C lie 
in the jurisdiction of Alberta (Figure 1); subdivisions E and F 
comprise the Chipewyan Indian Reserve; and subdivisions D, G, H, 


I, j and K lie within Wood Buffalo National Park. 


Areas of the Delta that are connected to Lake Athabasca or to 
one of the major rivers were labelled open-drainage sections. 
Those areas not connected were classified as restricted-drainage 
areas. The latter contain numerous perched lakes, marshes or 
ponds that are characterized by having limited or no outflow and 
obtain their water either from local runoff or from periodic 
flooding from the open-drainage systems. The open-drainage 
systems historically have had fluctuating water regimes, while 
those of the restricted drainages were characterized by 


relatively stable water regimes. 


VEGETATION MAPPING 


Black and white aerial photographs, taken during August and 
September 1970 at a scale of 1" = 2,000 feet, were used as the 
basis for preparing a vegetation map. Because of the limitations 
of photo interpretation and because many plant communities exist 


on the Delta, it was necessary to limit the total number of 


: 


FIG. 1 Subdivisions of the Peace-Athabasca Delta 


plant types for purposes of this study. Yet these habitat types 
had to be sufficiently detailed to distinguish animal densities, 
at least in general terms, for all of the major wildlife fauna. 
Eleven habitat types were selected as follows, and photographs 


of representative examples of each are Shown in Figures 2 and 3: 


1. Water--flooded area devoid of emergent vegetation. 


2. Emergents--inundated area that had erect, living vegetation 
rooted to the substrate. 


3. Mud flat--area above water with little or no vegetation 
growing on it. 


4G. Immature fen (meadow)--the community resulting from a one- 
year exposure of mud flats and represented by seedling 


5. Sedge meadow--area dominated by sedge where woody vegetation 
is an occasional shrub or tree. 


6. Grass meadow--area dominated by Calamagrostis canadensis 
where woody cover is an occasional shrub or tree. 


7. Low shrub--woody shrub vegetation under 6 feet tall. 
8. Tall shrub--woody shrub vegetation over 6 feet tall. 


9. Deciduous--tree communities of primarily deciduous species, 
mainly balsam poplar and birch. 


10. Coniferous--tree communities of conifers. 

11. Rock outcrop--the area of the Delta where rock outcrop 
exists at an elevation above the upper limit of water level 
consideration. 

A group of persons skilled in working with air photographs but 

not in vegetation interpretation were instructed on photo 

identification of these habitat types. Color air photographs 
were used in instruction, although the actual interpretation was 
done in black and white photography. Both color and black and 


white ground shots were also used to familiarize the 


interpreters with the distinguishing habitat characteristics. 


As the first step in mapping, the interpreters drew lines 
directly onto the photographs by following along the boundaries 
of each vegetation type, and identified and marked each type 
with a number. Since it was impossible to distinguish between 
sedge meadows and grass meadows on black and white air photos, 
one category representing meadows was used for these two. Once 
the boundaries were drawn, the air photos were loosely fitted 
together to form a mosaic, with the overall dimensions being 
controlled by existing topographical maps. Vegetation boundaries 
and identification numbers were then traced onto a transparent 
overlay. While being traced, small adjustments were made to 
correct for photo-edge distortion by repositioning the 


individual photographs. 


Acreage calculations were made within the boundaries of each 
habitat type using the dot-grid count system. This was spot 
checked using a polar planimeter. Each measurement was converted 
to acres and recorded on the overlay. Boundaries of the 
subdivisions A through K were drawn on the overlays, and acreage 
information was summarized from the maps by subdivision and 


habitat type. 


The density of some animals on the Delta is related to length of 
shoreline rather than to area of a given habitat type. 
Waterfowl, particularly when they are dispersed on breeding 
territories, fall into this group. In order to measure 
production of these animals, it was necessary to determine 


length of shoreline existing on the Delta. There was the 


Fig. 2. Habitat types on the Peace-Athabasca Delta. 


Open water Emergents 


Mud flats Immature fen 


Sedge meadow Grass meadow 


Fig. 3. Habitat types on the Peace-Athabasca Delta. 


Low shrub Tall shrub 


Deciduous forest Coniferous forest 


Rock outcrop Interspersion of several habitat types 
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possibility that habitat-edge measurements might prove useful 
for other animal density calculations, and it was decided that 
measurements would be taken of the interfaces CE lines 
separating each pair of habitat types. This was done and the 
results were recorded adjacent to the line and converted to 


miles. 


The resolution of the prepared maps was not of sufficient detail 
to arrive at an accurate measurement of the total shore length 
on the Delta. The mapped habitat types were fairly broad in area 
and, in some places within the boundary of the habitat type, 
there were numerous pockets of open water. The map-measured 
shorelines therefore were supplemented with additional 


measurements of shorelines shown on the photographs. 


A sample of every sixth photograph that contained small shore 
edge was selected from the complete coverage of the Delta. 
Within each mapped habitat unit, the shorelines of open water 
pockets larger than four acres, and the shorelines of long, 
narrow water pockets, were measured directly by map measurer. 
Ponds less than four acres in size were counted and the count 
was converted to miles of shoreline by multiplying by 0.28. This 
constant represents the average of the perimeter lengths of 
ponds one to four acres in size in a variety of shapes ranging 


from circular to very irregular. 


The sample of measured small basins was then expanded to 
represent the entire subdivision. Shore lengths obtained from 


the maps were added to the small pond measurements to arrive at 


total shoreline existing in 1970. 


TOPOGRAPHIC SURVEYS 


ee owe Se wee ee ee ee ee eee Sew ewe ee 


The topography in the Peace-Athabasca Delta is extremely flat 
and slight variations in water levels affect large areas of land 
and vegetation. Contour information is necessary in order to 
relate plant distribution and succession to depth of water or 
height above water. The vertical ranges of Delta plant 
communities are characteristically very narrow and it became 
evident that the usual techniques of contouring large areas 
rapidly and inexpensively would not provide the precision 
required for the study. It was therefore decided to concentrate 
on obtaining detailed profile information on a representative 


but small sample of the Delta. 


During the winter 1970-71, a total of 191 miles of traverse was 
run across the west end of Lake Athabasca and across’ Lake 
Claire, Mamawi Lake, Baril Lake and Richardson Lake to establish 
a satisfactory distribution of bench marks over the Delta. 
Systematically along each traverse, holes were drilled through 
the ice and bottom elevation was recorded. Four hundred 
measurements were taken and these data provided information on 
base elevations of the major open-drainage lakes as well as 
providing winter 1970-71 ice levels. Results of these surveys 


are presented in Appendix Volume 1, K. 


Additional topographical information was obtained for the 
perched basins because of their importance to wildlife. A total 


of 192 survey lines was run on _ perched basins distributed 
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throughout the Delta. Each line began in the center of the basin 
and terminated at the highest point of ground that defined the 
edge of the basin. In between these two extremes, the elevation 
of water, if present, was recorded, and Spot elevations were 
recorded at the boundary between mud and vegetation and at the 
boundaries of each of the habitat types. Distances were short 
within individual transects and accuracy of + 0.1 foot was 
Obtained. Accuracy between transects varied depending upon 


distance, according to the formula: 


Precision = + 0.1 x Vdistance. 


Aerial photographs from late summer 1968 and 1971 were used to 
determine changes in areas of water surface and length of 
Shoreline during the three-year period when no floods occurred 
on a sample of 23 representative perched basins north of Lake 
Claire and Mamawi Lake. Measurements of shoreline perimeter were 
made on both sets using a map measurer, and acreage 
determinations were made using both the dot grid method and the 


polar planimeter. 
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RESULTS AND DISCUSSION 


Thirteen overlay vegetation map sheets were prepared to cover 
the entire Delta. An example, reduced in size, is shown in 
Figure 4. The thirteen maps were combined, generalized somewhat, 
and reduced in size to provide a map indicating location of 
major habitat types on the Delta (Figure 5, pocket inside back 


cover). 


The amount of each habitat type on the Delta in the fall of 1970 
is shown in Table Open water and emergents combined indicate 
that 30 percent of the Delta was covered by water in 1970. The 
mud flat and immature fen habitats comprise the amount of area 
which became exposed between 1968 and 1970 during the period of 
receding water levels following closure of the Bennett Dam. Over 
124,000 acres or 8 percent of the Delta were directly affected 
by a change from aquatic to terrestrial habitat. The meadow 
habitat accounts for 19 percent, and it is the habitat type 
which needs periodic flooding to prevent invasion by more 
persistent shrub species. Thus, 57 percent of the Delta is 
Situated along contours in close proximity to surface water, and 
the type of vegetation present in 1970 is primarily related to 
the oscillating water levels of the past and the recent period 
of declining levels. These declines have caused plant succession 


to proceed unidirectionally (Appendix J). 


Length of shoreline is important to waterfowl production. Within 


each subdivision, the percentage of open-drainage and 


Fig.4 One of thirteen habitat maps (reduced) prepared 


from 1970 air photos. 
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restricted-drainage habitat was estimated by inspection of air 
photos and field knowledge of the Delta, and these percentages 
were applied to shoreline lengths derived from measurement 
(Table 2). These values do not include measurements of "edge" 
that do not fall along the shore, such as the emergent - open 
water interface, which is also important in the production of 
waterfowl. Table 4.1, Technical Report presents the combined 


total of shore length and edge. 


QOPOGRAPHIC SURVEYS 


The wildlife computer model reguired a determination of the 
amount of habitat each year that would be flooded at each 
contour level on the Delta. The presence of perched basins 
complicates the flooding process considerably, because each 
basin is connected to the open-drainage system at a different 
contour level. It was necessary to determine spill levels of a 
number of perched basins to arrive at an estimate of what 
proportion of the Delta is flooded at a given elevation of 
water. A sample of 153 perched basins provided the basis for 


determining this relationship (Table 3). 


Some estimate of depths of perched basins was also necessary in 
order to determine a measure of permanency of the basin for 
holding water, and the depth of water present for over wintering 
muskrats. Table 4 presents information obtained on depths of 


perched basins. 


A third type of information was also obtained from the field 


surveys. It was necessary to determine vertical positioning of 
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Table 2. Length of shoreline within each subdivision of the 
Delta during fall 1970. 


Habitat Subdivision A Subdivision B 
Total Perched Open Total Perched Open 
Mud Flats 565.0 2 eal a) 94.7 86.2 Sos 
Imm. Fen Sis Does 55 0 308.1 280.4 20d 
Meadow Sh leahe) fies 19.2 191.3 Teal 5 BY 
Low Shrub 28.7 Te 2 THs5 ZOO a eames 24.3 
Tall Shrub 2266 8.8 1358 205 2.5 2o2aD 2320 
Deciduous 8.6 3.4 Bez 103.9 94.5 9.4 
Coniferous 10a Tey 6.4 79.9 1 2eal tee 
Rock 053 0.1 OZ 1.9 VS] OZ 
Total 2135.5 S3e3 13022 T S0D eet aly Oreo eS 
Habitat Subdivision C Subdivision D 
Total Perched Open Total Perched Open 
Mud Flats Vers 13 6a:5 19:3 5 Vomit 
Tmm. Fen 117.4 2ZOS0 97.4 Te | S39 564-2 
Meadow Bie? 3.6 TENS 162.9 35.8 a brag begs | 
Low Shrub TOP T 183 89.4 230.9 5026 180.1 
Tall Shrub eee | eS 35.4 54.0 11.9 42.1 
Deciduous Ovg OFZ OST 030 0.0 0.0 
Coniferous 0.0 0.0 0.0 0.0 0.0 0.0 
Rock 0.0 0.0 0F0 Ze Or5 Vee 
Total 297.7 S'Ocel 247.0 541.4 119.1 422.3 
Habitat Subdivision E Subdivision F 
Total Perched Open Total Perched Open 
Mud Flats 147.5 2850 Tao eas) 16.2 UCAS 2e5 
Imm. Fen Seca 1 Seo 66.6 v2.4 148.3 24.1 
Meadow 12.726 23 e5) 98.5 219.4 188.7 30107 
Low Shrub 84.1 16.0 68.1 S27 ad 2812.6 45.8 
Tall Shrub 9.0 187 Togs 69.0 Soe3 9.7 
Deciduous 0.0 0.0 Oe) 55.0 47.3 lases 
Coniferous O20 0.0 0.0 Osu 0.0 0.0 
Rock 0.0 02.0 O20 Oe) 0.0 0.0 
Total 4uu.y 84.4 360.0 859.4 739.1 120.3 


(Continued on next page.) 
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Table 2. Continued. 
Habitat Subdivision G Subdivision H 
Total Perched Open Total Perched Open 
Mud Flats SaZ hs LACS) =e) 16043 ee) 4.1 
Imm. Fen 13.8 ee | see Sy Zila 932 
Meadow BPs as ed 337.0 41.7 167.9 yes 42.0 
Low Shrub S05.25 270.0 33.4 181.4 13 Gat) 45.4 
Tall Shrub siete Tie 16.6 166.9 12 She 41.7 
Deciduous 41.7 Ces U6 T4.7 Oe a 1S. 
Coniferous 86..:1 16.6 Says 1509 LlGh ee 39% 
Rock 128.4 114.3 14.1 6 4.2 1.4 
Total Ayal SO aed 208 Tao 3 806. 3 604.6 Zar san 
Habitat Subdivision I-J Subdivision K 
Total Perched Open Total Perched Open 
Mud Flats Gzaeb 634.6 Biles 0 sc. 4.0 es 
Imm. Fen 890.8 766.1 124.7 Soe 40.0 13.3 
Meadow Ue. C ret) ue Go 246.5 192.3 144.2 48.1 
Low Shrub BIO. 75 Gs0 12057 PES) Ai) 192515 64.2 
Tall Shrub 347.5 PRIS ais) 48.7 33025 201.9 827.6 
Deciduous 44.8 3825 m2 a2 69a INE? 
Coniferous 1382 171.4 Ve5 104.4 18.3 2601 
Rock 266 Set Oieeo 10m 6 TS) Bee. 
Total tN at PSP bteirye gets) 640.2 1,046.0 784.5 2615 
Habitat Chipewyan Reserve Alberta Portion 
Total Perched Open Total Perched Open 
Mud Flats LOS a a ae, N23 15 G'eGo 108.6 47.9 
Imm. Fen 254.6 163209 90.7 482.8 Sidi aiel 10s 
Meadow 341.0 Dalalbeacs (Pals 244.0 T3040 54.0 
Low Shrub 411.5 Pas tE leds a bseye, 406.2 Oe baie 8 He Bras 
Tall Shrub i Bnc0 64.0 1750 320.55 248.6 (pee: 
Deciduous So..0 Pe as git 11368 981 1523 
Coniferous O20 0.0 0.0 90.4 UPR) Les eae) 
Rock Ou 0.0 0.0 Bae eats! 0.4 
Total Used oz3.5 480.3 1p el Oe 6 | pce te.0 494.7 


(Continued on next page.) 


Table 2. 


Habitat 


Mud Flats 
Imm. Fen 
Meadow 

Low Shrub 
Tall Shrub 
Deciduous 
Coniferous 
Rock 


TOLaL 


Continued. 


ee er re SS A SS TS AS NS NS SS ES 


Wood Buffalo Park 


Total Perched 


eo ither #/ 
1,067.2 
PAR s) syst 
1, 00350) 
Oa 
254. 1 
360.0 
150.4 


586.3 
862.2 
Psp LEST. 
ThA Sees! 
818.0 
20-5 
209s 
130.0 


8,108 ..996, 453.98 5651.0 


Open 


111.4 
205.0 
505.4 
4u7.8 
2S ce, 
Spaesie. 
16.5 
20.4 


Vith,.229 0 


Entire Delta 


Total Perched 


1, 019.3 
1,804.6 
chal al ee 7) 
2,680.8 
1,448.5 
422.5 
450.4 
152.6 


13668 
1,348.8 
Zeek 
17998¢.9 
Viaeu = G 

346.7 

360.3 

131.8 
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4599.02, 62660 
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Table 3. Perched basins grouped according to elevations of 
upper basin edges (spill levels). Includes basins 
surveyed in subdivisions GSDer Sl eGriel yy and os 
Excludes basins having upper edges higher than 693 
feet, because these are beyond the influence of Lake 
Athabasca levels. Sample size is 153. 

Cumulative 
Elevation (Feet) Percentage Percentage 
655.60—- 686.0 Less) hs 
686.1 - 686.5 ZS. 4.6 
686.6 - 687.0 METS Taz 
G87s =e 607.9 G5 ecers 
686.65— 688.0 Shs F4 Dreier 
Goose "60855 12.4 B53 
688.6 - 689.0 Lis eee. a 
GB Osea F095 0 lies! 64.7 
600. 08-7090. 0) seal (leds 
690. 1% 690.5 4.6 82.4 
690.65— 691.0 Gao Be a9 
O94. 18-6915 5 FNS My Ns 
6916. 08—- 692.0 sles 94.8 
G0 font ee OO Zou) BENS 97.4 
6976.6 == 169 370 Dis 6 100.0 


eee ce ee ee ee ec ee ee ee cee cme eae eee ee es cee me i em SESS SSNS SEE 


118 


Table 4. Mean depths of perched basins, grouped according to 
elevations of spill level. 


Mean 

Basin Sample 
Elevation Depth Range Size 

(Feet) 
685. 6-686.0 Zianb Diere cio 2 
606. 1-0500.9 1.4 Onu—22 u 
686.6-687.0 156 054-255 4 
687.1-687.5 UW ORonete u 
687. 6-688.0 1.8 0.8-4.3 12 
688. 1-68855 Fae Vos Za3) 13 
688.6-689.0 Deo 0265579 25 
689. 1-6895 SAS Oeo-GCez 14 
689.6-690.10 3.6 1.6-4.4 11 
690. 1-69045 See tates is) 6 
690.6-691.0 is Quiet i, 
69 1..1-G9 > Ps) 0.4-4.6 3 
691.6-G92 2) 4.4 Biot el! 3 
692. 1-G9 225 4.8 Nn Rie Boo 2 
692. 6-69320 Gres Gere Oset 2 
693.6-694.0 yee 70-764 2 
694. 1-694.5 ohare: 1 
oss Roi eat ene he ts) 9.0 1 
695.6-696.0 Sa) 1 
698.6-699.0 9.4 1 


TOO. 6-7 UNO COSTE] 1 
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the major habitat types on the Delta in relation to vertical 
distance from water, so that one could forecast what habitat 
types would be flooded with a given rise in lake levels. The 
vertical ranges of the major habitat types are given in Table 5S, 
in what is considered approximate ascending order on the Delta. 
It is recognized that not all of these habitat types are 
necessarily represented in each perched basin, but over the 
years, water level fluctuations and plant succession have more 
or less stratified the habitat types according to this ascending 


order. 


A knowledge of rate of water loss from perched basins was 
necessary in order to program loss of perched basin’ shoreline 
and flooded acres under simulated no-flooding conditions in the 
wildlife computer model. The measurements taken from the two 
sets of aerial photographs of different years provided the 
estimate (Table 6). Between 1968 and 1971 levels of Lake 
Athabasca or any of the rivers were not high enough to flood any 
of the measured basins, and the changes determined reflect water 
loss or gain due to various combinations of local precipitation, 
local runoff, evaporation, transpiration, and sublimation during 
the interval. The assumption made is that the average rate of 
loss of water on this group of basins is more or less 
representative of the majority of basins on the Delta. It is 
believed that these figures are reliable for shallow basins with 
gently sloping edges, but that the rate of water loss on basins 


with steeper sides was not as great. Loss of shoreline length 
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Table 5. Average vertical ranges of habitat types on the Peace- 
Athabasca Delta, 1971. 


i es eS SS Le 


Habitat Type Mean Height Sample 
(feet) Size 
ee mais 
Mud Flat Oeste Z 68 
Immature Fen 1.4 + 052 93 
Carex ViceSh ss by 2 124 
Calamagrostis 2.3 + 0.6 24 
Low Shrub thee 1 
Tall Shrub NY be Me 8 101 
Deciduous Forest 36 Ot alert 7 


Coniferous Forest ee) 2 


eee eee ce ee eee et ee ee ee ee aaa 
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Table 6. Area of surface water loss and shoreline loss from 
perched basins between 1968 and 1971, as determined by 
measurements of aerial photographs. 


Shoreline (Feet) Area (Acres) 


Perched er ne a ee ce terre een ate 
Basin 1968 Change 1968 Change 
Ident. Measure By 1971 Measure By 1971 
A Av 7800 oye 639.16 =S1Goc 
B MG, 16 =—111,616 192.0 T1912 ait) 
C Zip 200 -3,400 Vel ooo -194.4 
D 14,520 -14 ,520 134.4 -134.4 
E 6,600 -6,600 54.4 -54.4 
F Zo o00 -1,400 1,016.4 -98.4 
G 10,032 -4,224 196.8 -108.8 
H 6,800 -1,600 168.0 ssi 
i 107600 =2.00 108.0 =O 0 
J 4,600 +400 Tei =o 
K 11,800 = 200 leh % Get sir 
L 7,800 -800 TOS <2 -0.4 
M 7,000 0 SM hays -5.4 
N 11,200 = UO 104.4 ae ee 
O 10,400 07710 00 44u.u —3050 
P 10,000 =—3000 88.8 <2 ee 
Q 17,688 = 16,896 204.8 -182.4 
R 22S may MAS 380.8 -230.8 
Ss 12,600 9 200 114.0 =o 
T 11,200 -1,400 SATS Oar 
U 13,200 +#2,000 403.2 =110.4 
V 14,500 -14,500 368.0 =366.0 
W 10,200 caf eneN 276.0 i Rae 
Total 295752 NG Strep 6,114.8 = 2 toe U 


*#Change 36 38 
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was 36 percent of 55.5 miles present in 1968 and loss of water 
surface area was 38 percent of 6,100 acres measured. Thus, there 
was an average loss of both shoreline and water surface of 


approximately 12 percent per year. 
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Newly emerged bottom of Mamawi Lake in 
July 1968. Note the sparse cover of 
emergent aquatics and sedges orale atacatatehsieteveletets ule 


The same site in July 1969 had developed 
into an immature fen community consisting 
of a variety of sedges and grasses. Small 
willow seedlings were also present np Punts Ga 


By July 1970, the herbaceous cover had 
become very dense and the willow seedlings 
were guite noticeable x teh rn crate tata te se tehetal siete token) eue 


atherodes and C. aquatilis , while the 


willows had overtopped the herbaceous 
layer and become visually dominant Reece es el 4 


Outline of vegetation successional trends 
in the Peace-Athabasca Delta ....2--+---ee---dI4 


Aerial view of an “active delta" complex 
(south shore of Mamawi Lake and the mouth 


flowering Senecio congestus occupying the 
moisture-saturated silt of the receding 
lake shore and the fen vegetation between 
the shore and the narrow willow band on 


the low levee Pe ee rte OE ce arr 


Aerial view of the Mamawi Creek area, 
showing a few of the numerous perched 
basins that sit on the delta plain, the 
willow-covered levees of old stream 


of Carex meadows, Calamagrostis meadows 


and willow shrub CNA G I te Oar. Ube iy Sone eer cee ts teueter tater Onl ot 
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Figure 10. Aerial view of the upper portion of Mamawi 
Creek, illustrating the position of 
coniferous (white spruce) forest on the 
highest (and oldest) levee sites and the 
peat-filled back-swamps and old meander 
scrolls. Such sites were rarely affected 
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INTRODUCTION 


Concern about the potential ecological effects of the altered 
water regime of the Peace-Athabasca Delta, following completion 
of the W. A. C. Bennett Dam on the Peace River, led the Canadian 
Wildlife Service in 1968 to initiate an ecological study of the 


Delta. Its objectives included: 


(1)> To determine the relationships between vegetational 
patterns and physical environmental features, particularly 
the water regime, and to develop a landform/vegetation 


classification of the Delta's landscape; 


(2) To determine the prevailing, long-term successional trends 


in the Delta; and 


(3) To monitor and assess the ecological adjustments initiated 


by the altered water regime. 


A subsidiary objective of the study was to determine use of 
various habitat types by waterfowl populations for breeding, 


nesting, brood rearing, molting, and spring and fall staging. 


Research on the landscape-ecological aspects of the study was 
carried out between May and September of 1968 to 1971. The 
waterfowl aspect was restricted to the seasons of 1969 and 1970 


and then continued by Ducks Unlimited (see Appendix kK). 


Preliminary results of the landscape-ecological aspects of the 
study are reported in the following publications and progress 


PEDOLT See Oinocnde (197 0ane 197 0bg0197 1,5 4972),> Dirschi© and Dabbs 
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(1972), and Dabbs (1971). A comprehensive report on the study is 
in preparation. Results of the waterfowl aspect are contained in 


Nieman (1971) and Nieman and Dirschl (in press). 


Following the organization of the Peace-Athabasca Delta Project 
by joint action of the governments of Canada, Alberta, and 
Saskatchewan, the study provided important background data for 
the formulation of the wider objectives of that federal- 
provincial undertaking. It also furnished input for the wildlife 


productivity Simulation model (see Appendix 0). 


This report discusses the concept of ecological succession as it 
applies to deltas generally and to the Peace-Athabasca Delta in 
particular. It attempts to elucidate the successional patterns - 
toth the prevailing long-term events and the ecological changes 
initiated by recent low water levels. Finally, it provides crude 
estimates of the rate at which the major successional sequences 
are thought to froceed under the influence of different water 


level regimes. 


— we eee eee aS —— ee eae ie — = ee es Se —— = = SS Se = 


River deltas are landscape systems in a state of perpetual 
dynamic change. A delta originates when a river begins to empty 
into a lake or the sea; it grows downstream as the triver 
approaches base level and deposits its sediment load. Pointy bars 
and islands begin to emerge within the stream bed, and the river 
tranches into a series of channels that meander across the 
forming delta plain. As the river continues to adjust to the 


base level, channels deepen through bottom erosion in the upper 


deg 


reaches of the delta while, through silt deposition at the lower 
end, the delta continues to advance into the lake or the _ sé€a. 
Local differences in erosion and deposition result in the 
cutting-off and ponding of channels (oxbows) and in the 
formation of numerous shallow depressions on the delta plain 
(perched basins). In this manner, a delta continually grows 


downstream as it matures at the upstream end. 


Parallel with the evolution of the physical landscape occurs a 
development of the biological ecosystem components. Plant 
Species, capable of becoming established in the aquatic and 
nutrient-rich environment of young sites, will be replaced by 
species adapted to drier and nutrient-poor conditions. Thus, the 
vegetation occupying a given location changes in time from 
aquatic, to meadow, to wooded communities. Animal populations 
exhibit a similar change as their habitat is altered by these 


delta-forming processes. 


The phenomenon of continuing replacement of plant and animal 
communities, over time, is referred to as ecological succession, 


and the sequence of communities is termed a 


in 
Ir 


ere. 


The main driving force of ecological succession in a delta, 
therefore, is the evolution of the physical landscape pattern 
("allogenic" succession). However, the plant communities play a 
modifying role in this process, e.g., by locally reducing flow 
rates and entrapping silt or by accumulating organic matter in 
perched basins, backswamps, and over the emerging delta plains. 


Moisture, nutrient, and soil temperature conditions are thereby 


J4 


changed by the vegetation itself and rendered suitable for the 
invasion by species adapted to the modified environment 


("autogenic" succession). 


Plant succession normally proceeds too slowly £6 Ppernit sedipect 
observation of the sequence through which communities change in 
a given location. Since a delta, however, develops in such a way 
that the youngest sites occur at the downstream extremity 
whereas progressively clder sites are found towards the upstream 
end, the broad geographic zonations of landform and vegetation 
types present a spatial display of@= thee long-term successional 


sequence. 


Superimposed on this overall successional deltaic development, 
which proceeds over a time-span measured in decades and even 
centuries, are natural events that proceed at a much faster 
pace. These are caused by such environmental influences as 
periodic droughts and floods, lightning fires, @.6etc. meoue! 
physical forces produce abrupt changes in the local environments 
affected, which, in turn, initiate rapid adjustments in 
vegetation pattern and existing wildlife habitats. These rapid 
changes in plant cover and the consequent changes, positive of 
negative, in the abundance of some wildlife species are readily 
observable and are intimately familiar to those who derive their 
livelihood from the delta or find aesthetic enjoyment within 
deltaic landscapes. "OUT" interest, therefore, quite naturally 
tends to focus on the short-term interactions between the 
physical environment and the biological ecosystem components 


rather than on the long-term successional trends. However, as 


3) is) 


the processes occur Simultaneously, it is clearly impossible to 


study one without reference to the other. 


So tan, the’ dascussiton has) beenteiconfimed to amatural deltaic 
processes: long-term successional trends and short-term cyclic 
fluctuations of the physical environment which cause rapid 
adjustments within the ecosystem. It Should be stated, at this 
point, that man-made environmental alterations likewise produce 
ecological changes within a delta. Reduction in river flow 
through upstream diversion or impoundment results in the 
expansion of terrestrial communities and concurrent reduction in 
aquatic and marsh habitats and thus increases the rate of aging 


of the delta. 


Conversely, raised water levels within the delta, resulting from 
increased river flow or from downstream impoundment, enlarge the 
area occupied by aguatic and marsh habitats at the expense of 
terrestrial communities; thus succession is set back to an 


earlier seral stage. 


Man-induced ecological changes of this type are not funda- 
mentally different from those that occur naturally. It is beyond 
the scope of the scientist to place a value judgment upon these 
phenomena. Beneficial or detrimental consequences are perceived 
through the social values that society places upon the ecosystem 
in question and its component resources. Ecological scientists 
can identify effects and present alternative courses of action, 
but judgments as to the desirability of alternatives must be 


Made on the basis of the goals and aspirations of society. 
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DFLTAIC PROCESSES IN THE PEACE-ATHABASCA DELTA 


The Peace-Athabasca Delta is a complex of the deltas of three 
rivers, the Peace, the Athabasca, and the Birch, which, since 
deglaciation, ca. 10,000 years ago, have emptied into the 
lowlands at the western extremity of Lake Athabasca (Bayrock and 
Root, 1971). The ecological character of the Peace-Athabasca 
Delta has evolved through a unique hydrological system formed by 
the interaction cf these rivers and Lake Athabasca and. jeLeS 
outflow channels. Under natural conditions, the lower Peace 
River experienced a spring flood of variable height during which 
time it acted as a hydrological dam which stopped and, to @¢ssone 
extent, reversed the outflow from Lake Athabasca and the 
contiguous Delta lakes. Consequently, the rising level of Lake 
Athabasca flooded most of the Delta and recharged lakes and the 
numerous perched basins with nutrient-rich waters, deposited 
silt and plant seeds, and flushed out or buried plant debris. 
During the remainder of the year, outflow and evapotranspiration 
gradually lowered the water levels within the Delta. This flood, 
occurring in most years, had the effect of slowing the normal 
long-term deltaic development and, holding much ,of the area jat 
early successional stages (Fuller andgeeuarocy +. 19) l)\javnet tee 
important to realize that the vegetation patterns and animal 
life, which now . characterize the Delta, have developed in 
responses towitias fluctuating water level regime and are thus 
adapted to ite "Any chdngeming ne hydrological regime, therefore, 
initiates ecological adjustments within the system (Dirschl, 


Doi) is 


SZ 


During the filling of Lake Williston (the reservoir behind W. A. 
C. Bennett Dam) which began in December, 1967, and has taken 
four years, the annual high stage on the Peace River has’ been 
much reduced. Hydrological studies have shown that once the 
reservoir is filled, the water regime will not be fully restored 


unless remedial action is taken. 
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METHODS AND TECHNIQUES 


The methods and techniques used in this study have been 
previously described by Dabbs (1971) and Dirsch UP eGo 2). 


Therefore, only a brief resume is included here. 


Information on the existing vegetation pattern was obtained by 
mapping sections of the Delta from existing small-scale aerial 
photographs and uncorrected photo mosaics. The developed 
classification was later extended to the entire Delta by the 
Peace-Athabasca Delta Project and provided input to the wildlife 
production simulation model (Appendix 0). To obtain detail on 
the relationships between vegetation, landform, and water 
regimes, representative transects (Fig. 1) were marked with 
targets on the ground, photographed from the air With, bDlack=and= 
white, true color, and color infrared film, and mapped by means 
of air photo interpretation and ground checks. This resulted in 
the development of a detailed landscape classification (Dabbs, 
AST lm Ditsch ce tmmallic alone ee prep.). Topographic relationships 
were further examined by means of level-surveying part of the 


photographed field transects (Pig. 2)e 


Since 1968, the vegetational adjustments initiated by the 
lowering water levels have been monitored by annual sampling of 
marked stands on emerging silt bottoms of Lake Athabasca and 
Mamawi Lake, aS well aS “by “repetitive large-scale (1:6,000) 
aerial photography and interpretation of representative 


transects. 


Long-term successional trends were studied by comparing existing 
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sets of small-scale vertical air photos taken periodically since 
1945 and by comparison with sections of the Delta mapped by Raup 
(1935). Multivariate classification (agglomerative association 
analysis) of 89 stand-samples, covering the full vegetation 
spectrum, was used to relate vegetation types to landscape 
features (including soil and groundwater analyses) and to 


determine successional patterns. 


VEGETATION ZONATION AND LANDFORM 


The distribution of the major components of the Delta's present 
vegetation pattern and their position in respect to topography 
and water levels have been described in the preceding report 
(Appendix I). It now remains to briefly discuss the existing 
plant cover in relation to the dynamic -deltaic processes 
(landform develcpment, allogenic and autogenic succession) that 


have brought about and continue to mold this pattern. 


The modern landscape of the Peace-Athabasca Delta is a function 
of the historic development of river and stream channels. 
Changing flow patterns are recorded by meander scrolls which 
control the shape of shorelines and the existence of backswamps. 
All lakes and the numerous perched basins within the Delta have 
been formed by the levee-building process through which large 
areas have been cut off and isolated from the normal drainage 
channels. The present distribution of the major physiognomic 
vegetation types (e. g., meadows, shrub carrs, forest) primarily 
relates to levees - either of active streams or old, inactive 


streams - which provide higher ground and gradually sloping land 
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surfaces where the vegetation has arranged itself according to 
the ecological requirements and competitive interactions of the 


constituent species (Dabbs, 1971). 


The annual spring flood has been instrumental in this process by 
providing the silt load for levee development and by gradual 
filling-in of perched basins and backswamps. This supply of 
nutrient-rich water to recharge lakes and perched basins has 
counteracted the evaporation process and has maintained 
minerotrophic conditions over the large portion of the Delta 


that was affected by the flood. 


Therefore, it is obvious that permanent loss of the spring flood 
would cause ecological adjustments throughout the active and 
semiactive portions of the Delta, resulting in a Shite ysot gathe 
vegetation zonations toward more mesophytic (drier) conditions. 
Thus shallow perched basins would completely dry out and become 
covered over with meadows and willow shrub, while existing 
meadows would develop into shrub carrs and, eventually, forested 
communities. Conversely, any means that would tend to re- 
establish the previous fluctuating water level regime 
(downstream dams and weirs, etc.) would initiate a gradual 
return to the previous vegetation pattern. The degree to which 
this can be achieved depends on (1) how long the present drying 
trend is allowed to proceed, and (2) to what degree the natural, 
fluctuating water level regime (seasonal and long-term) can be 


reproduced by man-made regulation. 


ie 
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Since 1968, the level of Lake Athabasca has remained several 
feet below the previous long-term average (Bennett, 1971). Water 
levels of the Delta lakes, which are connected with Lake 
Athabasca through a network of channels, have experienced a 
Similar decline. Owing to the level topography of the Delta, the 
falling water levels have led to gross reductions in open water 
areas. By the summer of 1970, the total area of the nine largest 
water bodies had decreased by 28 percent (Dirschl, 1972). The 
humerous perched basins, dotting the Delta plain, have, in the 
absence of the annual spring flood, progressively dried up 
through evaporation and transpiration at the approximate rate of 


12 percent per year (Appendix I). 


The extensive silt flats, emerging from the shrinking lakes and 
ponds, have experienced extremely rapid colonization by 
germinating seeds that had been present within the silt or were 
distributed by wind. This colonization proceeded from an _ open 
mud flat, with scattered seedlings of emergent aquatics, sedges, 
and grasses during 1968, to an immature fen, consisting of a 
complex assembly of herbaceous plants, in 1969 and 1970. By 
summer, 1971, dense sedge meadows dominated by Carex atherodes 
had developed. On the silt flats surrounding Mamawi Lake, 
numerous willow feeenling s began to germinate in 1969; by 1971 
they had reached a height of five to six feet and had become 
visually “dominant (Figs. 3-6). In other parts of the Delta, 


particularly in perched basins, willow seedlings were less 


abundant, but the development of herbaceous cover proceeded at a 
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similar rate. 


Study plots and repeated aerial photography have also shown Tele 
sedge (Carex) meadows that existed prior to 1968 are beginning 


— See Se 


to change in species composition toward drier Calamagrostis 


canadensis meadows. Previously existing, small Phragmites 


— ee ee ee ee a ee eee 


communis clumps have also begun to spread over wider adjacent 


eed 


areas of previous lake shore. 


water levels as low as those experienced during the T966-74 
period have occurred naturally from time to time, e.g., during 
1944-46 (Fuller, T957- PBennete aloes Consequently, the 
observed plant colonization of lake bottoms must also have 
occurred but subsequently been reversed during floods. A number 
of the soil pits dug in this study have revealed thin layers of 
fen vegetation and charcoal seams buried beneath silt deposited 


bye floodsim( Darsch i, Moy 2)e- 


Tt 1s quite clear tidtsscic described colonization of newly 
emerged silt sites, which has occurred in response to the 
falling lake levels or the drying up of perched basins, 
represents a stage in the long-term successional trends 
operating in the Delta. These long-term events will be discussed 


in the following section. 


Raup (1935, p. 88) produced all outline of plant succession in 
the Athabasca, Peace, and Slave River lowlands, based on his 


field research in the years 1926-30. Our studies have led us to 
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modify Raup's successional sequences in order to make them a 
specific and accurate portrayal of the long-term successional 
processes that we consider to operate in the Peace-Athabasca 


Delta: (Eig. /) - 


Within the total Delta complex, three broad categories are 
distinguished according to the prevailing physical deltaic 
processes (Fig. 7): 

(1) Active delta, 

(2) Semiactive delta, and 

(3) Inactive delta. 

Thevactive delta (Fig. 8) consists of flowing rivers ‘and their 
deposits (point-bars), levees, and a very gently sloping delta 
plain surrounding the open basin lakes (i.e., those locations 
directly affected by the hydrological interactions of the major 
rivers and Lake Athabasca). Semiactive delta (Fig. 9) includes 
perched basins and cut-off stream channels, i.e., locations 
which are not connected with the major hydrological system but 
have been recharged by the spring flood in most years. The 
inactive delta (Fig. 10) comprises closed basins (old meander 
scrolls and backswamps) which are positioned on the higher, 
Glace portions of thesDelta,sand are aftected by the spring 


flood only during extreme high-water years. Therefore, in broad 


terms, nutrient availability decreases from left to right. 


The various plant communities recognized in the replacement 
series have been grouped into five community-types 
(corresponding terms used in the simulation model, Appendix I 


and O, are listed in parentheses) as follows: 
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(1) Aquatic communities (open water); 

(2) Shore communities (emergents, mudflat, immature fen) ; 

(3) Meadow communities (Carex meadow, Calamagrostis meadow) ; 

(4) Shrub communities (low shrub, tall shrub) and 

(5) Forest communities (deciduous forest, coniferous forest). 
In this sequence, within active and semiactive delta locations, 
aquatic and emergent communities are replaced by various 
shoreline pioneers on emerging mud flats, which develop into fen 
meadows. These meadows then change into willow shrub communities 
and eventually develop into terminai forest communities. It is 
cbvious from the chart that succession in the Delta does not 
follow a single pathway, but takes the form of a branching 
network in which various species or species-groups may dominate, 
in a@ifferent locations during the same seral stage, and fuse 
during a succeeding stage. The variety of alternate dominance- 
types is particularly great among shoreline and meadow 


communities. 


It is not always clear why sites, which appear to be identical, 
are occupied by different species groups. The following factors, 


however, are involved in producing this diversity: 


(1) The supply of plant seeds at the time when conditions are 


favorable for germination; and 
(2) Minute local differences in moisture and nutrient status. 


While the vegetative replacement series in active and semiactive 
delta environments is mainly driven by allogenic forces, 


succession in the inactive delta locations ace controlled 
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predominantly by autogenic processes. Here the lack of a source 
of nutrient-rich waters results in a gradual fixing of the 
available nutrients in undecomposed vegetative matter, in the 
growth of floating sedge mats over the Dasin, and finally in the 


filling of the entire basin with muck and peat. 


In this process, the peat surface eventually grows completely 
out of reach of the mineral water table, is invaded by Sphagnum 
mosses, and develops into an ombrotrophic bog or muskeg. Because 
Orethes frequency Of previous high floods, inactive delta is 
largely confined to the upper portion of the Athabasca Delta 
and, even there, has not evolved beyond the floating mat stage. 
Permanent elimination of the spring flood, however, would speed 
the development toward ombrotrophic bog in backswamp locations. 
For example, in the Saskatchewan River Delta, where major floods 
have historically been much less frequent, extensive bogs are 


Pounds birschiweand=Goupland, «1972).< 


The time frame within which long-term succession proceeds is not 
well understood. We know that the entire vegetational 
gevelopment — took» place ‘during the, past. 10,000 years. It is 
difficult, however, to determine the average rate by which seral 
stages replace each other. The narratives of the early explorers 
and fur traders, who passed through the Peace-Athabasca Delta, 
suggest that the Delta's overall appearance has not changed in 


300 years (see Fuller and LaRoi, 1971). 


Locally, however, some successional changes can be verified. For 


example, H. M. Raup mapped an area south of Mamawi Lake in 1930 
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(Raup, 1935). This area (Transect 4) was remapped during the 
present study from air photos taken in 1970 (Dabbs, 1 Osi) ected 
comparison of the two maps shows that the younger low-lying 
positions close to the Lake have all Changed “to a GUleaver or 


lesser extent. Most of these locations in 1930 consisted of 


eee ee ee ee ee ee 
—— Se —— 


Carex stage, and in some areas low willow shrub had become 


established. 


From our study of the colonization of mud flats that followed 
the closure of the Bennett Dam, we know that early successional 
changes from bare silt surface, to immature fen, to meadows and 
low willow shrub, can occur within a few years under conditions 


of continually low water levels. 


From the limited data on hand, it is apparent (1) that 
successional events in the Delta are mainly controlled by the 
Water cegqime, and §(2) that = tie vegetative replacement under 
falling water levels proceeds very rapidly in the initial stages 


but more and more slowly through the shrub and forest types. 


To provide the required input for the design of the wildlife 
productivity simulation model (see Appendix 0), the major 
successional seguence and the estimated duration of each stage 


has been abstracted as follows: 


317 


Immature 
fen 


t=7 Calamagrostis t=1Q] Low willow 
meadow meadow Shrub 


t=15 
Tall willow- £=25 Deciduous t=50| Coniferous 
alder shrub forest forest 
*t = estimated number of growing seasons required for 
replacement to occur. 
Clearly this sueprcsents a5 gross» oversinplification +of an 


extremely complex natural system; but, nevertheless, it is 
believed that the major vegetational categories are presented in 
the correct successional sequence and that the relative duration 


GCimthe stages is,of the right sorder. 
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INTRODUCTION 


The waterfowl which breed and congregate on the Peace-Athabasca 
Delta constitute a direct and integral part of the livelihood of 
the native people of Fort Chipewyan and outlying Delta villages. 
The ducks, geese, and swans! and their eggs also provide food 
for predators, all of which comprise an ecologically sensitive, 
aesthetically attractive community of organisms. These 
predators, ~in ‘turn, ‘also provide jfood “and income for “local 


families. 


Nationally and internationally, the Peace-Athabasca Delta is 
invaluable as a migration stopover for approximately 400,000 
batertrowl Jen route to breeding areas in the Arctic, and 
1,000,000 migrants to wintering areas across the southern part 
of this continent and extending into South America. Ducks raised 
TiPsshoubeltasecontaibutemitosetheiShunters fortune throughout 
western Canada and the three western flyways. More than 11,000 
whistling swans (approximately 12 percent of the North American 
population) were counted in a single survey of the Delta during 
Bictiguc al asStOpoverminem.97. tse laseamanyeeds. 625,000 shaves /been 
recorded in the past (Banko and Mackay, 1964). For the once- 
endangered Ross' goose the Delta provides the eraee migration 
line between the prairie parkland region of central Alberta and 
Saskatchewan and the breeding grounds in the Perry River region 
of the Northwest Territoriess in ‘addition to waterfowl, a list 
Of birds which occur in the Delta area includes such diverse 
spectes as |Snow buntings, cobins, kingfishers, pine grosbeaks, 


TOCCRRADPendixm@m, #ethis@epapers;matorescientific names ofvaninals 
mentioned in this report. 


hae 


sora rails, great blue herons, snowy owls, peregrine falcons, 


and golden eagles. 


The physiographic complexity - both in tine land space *= tof the 
Peace-Athabasca "iDelital "us tthe sessence of its biological 
productivity. )iSimplificavvoms ot that Ghversmty je esuchehasahy 
stabilizing or permanently lowering water levels, eventually 
leads* "to abneduction inproductivity. Staprlezing at relatively 
high water levels would result in lost waterfowl breeding 
habitat. Stabilizing at relatively low water levels would result 
in successional development of large areas of monotypic habitat 
with greatly reduced capacity for supporting wildlife. Animal 
communities thrive best along habitat interfaces, that aS elt) 
areas of optimum habitat interspersion (Leopold, AS Salis 


Beard, 19530 fadlec,; 1 7G2c70c\n 


The changes in the water regime of the Peace-Athabasca Delta 
since 1968 generally have tended toward a pellative!ly Sestaprivzed 
low water level situation, and aquatic-to-terrestrial succession 
has proceeded rapidly (Dirschl, 1972). Already, once-inundated 
areas have become mud flats, mud flats have become sedge-grass 
meadows, and meadows have been encroached by Willows fand=tres 
seedlings. It is true that prolonged periods of relative drought 
have occurred in the past, but up to 1966 the floods had always 
returned, reversing the successional trend and maintaining the 


Delta's diverse and dynamic qualities. 


This report provides: (1) results of 1971 waterfowl surveys, (2) 


a discussion of the Delta's wetland and waterfowl resources and 
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tiewiee OGalWamiatlondal, -andeanterlawiOnea 2m piacatrvons famds 1(3) ua 
discussion of the possible effects of existing and rfotential 


habitat improvement measures. 


The waterfowl habitat evaluation has depended on the assistance 
Gigag 8G. Hamel Ownsend, ax ncological ~CooLrdinator, Peace-Athabasca 
Delton PEOuect aN tac. sueleCn »eDUCKSsUnIImited: Ho Joubirschl ,. oD. 
udeneNteman, “G.. H. , Staines, .and, H. Weaver, Canadian Wildlife 
ServlGew, Pi.) CouIGkshank, -—Peace-Athabasca,,.,.Delta.,. Project; Ee 
PEigues,. Shipley. Helicopters: Kk. eSinotte,,Ray\s Flying Service; 
Sram owiehe hi, Jima Daze eeednd sre UMacCKay s.0f Eort, schipewy.an.. 


Special thanks are extended to M. Koyd and B. Johnson for their 


excellent assistance in field and office at Fort Chipewyan. 


BACKGROUND 


The Peace-Athabasca Delta iS a complex and dynamic system of 
rivers, creeks, oxbows, potholes, and lakes interspersed with 
forested levees, sedge-grass meadows, and granitic Precambrian 
outcrops. Located in northeastern Alberta between 58° 15' and 
Soveoot north Latitude and 110° 40' and 112° 30' west longitude, 
this 2,000 square mile Delta has been, for centuries, the home 
of bison, moose, wolves, mink, fox, muskrats, beaver, waterfowl, 
and Indians. The Delta lies adjacent to the western edge of the 
tree-clad Precambrian Shield and in the sunset shadows of the 
Firch and Caribou Mountains. The Peace,Athakasca, Birch, and 
Fond-du-lac Rivers scour their way through Rocky Mountains, 
Cretaceous hills, and Precambrian Shield to offer the Delta the 


vitality assimilated from 210,000 square miles of the continent. 
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The detatbed<hydrdlogical mechanisnus ~ of” thee pelua tave = pcen 
described! by § Bennett? (1971pPe and Kelternals F197 He Sincest ire 
damming of the Peace River, the satellite basins of the Delta, 
which occasionally were neces by floods in the past, have 
been drying up at an approximate rate of 13 percent per year in 


terms of miles of shoreline. 


Fluctuating ® water -slévels rand Pthe =’ companation Sor low-=veliecr 
deltaic alluvium, lacustrine sediments, and Precambrian outcrops 
with a climate that provides 100 frost-free days and an annual 
average of V6 ssinches™ of" precapitation, “thave tiproduced wa 
vegetative community which includes many different 


representative species. 


Ndditicral information on the piysrcat and biological 
characteristics of the Peace-Athabasca Delta can be found in 
Soper (1953), Raup (1935), Newcomen and Bajkov (1939), Bajkov 
(1939) Poss <(4900)% “Char Vesa(194 Jaye to ob) Repo epeiaa( 1351), Smith 
ep alePsU196)e. Campbells s (965) 7 eerorereinG (1966), Novakowski 
(1967) ,pe Dirschles 1970), PMcCourt (S70) oe ourreid ands Jorgenson 


(1971)),. Ntemann(19741) ,° and! Rienelt) ete alee Gl sya) 


SPRING-STAGING WATERFOWL 


Five sample counts of spring-staging and breeding waterfowl were 
conducted; May U-9,4 9-13) <5—VWeyeriee S, Condes One per -Uper 
Cub airplane was used for counting over larger, more open lakes, 
and a Bell-47 B1 helicopter was used for counting over potholes, 
creeks, and small lakes. All shorelines flown over were 


Classified, at the time of Census, accordtncetOmo len O mech mile 


Ke 


edge types (Table 1), and later measured on aerial photographs. 
Thus, waterfowl numbers for each count could be related to miles 


of shoreline of each habitat type. 


Spring arrived early in the Delta in 1971. Breakup had begun by 
April 21: many of the shallow basins and creeks were open and 
water was flowing over the ice in the major river channels. 
pola loc weremabundant ate thate time, both as flocks of -pairsi and 
Somedlspersed “pairs exhibiting territorial behavior. Many 
pintails and goldeneyes were present, plus some green-winged 
teal, widageon, and shoveler; one pair of lesser scaup was seen. 
Canada geese were present as pairs and small flocks, and snow 
Geese Were LTeported by April. 2724 .Gulls, killdeers,, kestrels, 


midewbrrds, and) LODanS had) arrived eby Aprile 2- 


The flocked duck totals for the five sample counts were: 48,417; 
ee et, OU Oe 6, 9645" wand 28107192. "The  last§ figure probably 
reflects an ingress of post-breeding binds; pPanticularly 
mallards. The first count was regarded as the best single census 
fOG jestimating densities of spring™ staging ducks (Table 1). 
Unidentified flocks and flocks of mixed species were apportioned 


according to identified ducks. 


Densities ranging from 0 to 225 ducks per mile were observed for 
various areas and various habitat types in the Delta in 1971 
(ean Ofsted Se -mer sc JOM HOC ImaIlVeLS, 26.20 Lor .dabblers) . The 
Spring staging waterfowl population estimates were 432,500 ducks 
and 145,000 geese and swans. Of the duck population, the 


extrapolated estimate based on the densities was 373,310 


(*abed yx9au UO panuTtyzUoOd)) 
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dabblers and 59,210 divers. 


The 1971 investigations revealed that the edge types preferred 
by dabblers were mud flat, meadow, immature fen, and emergent 
(Table 1); the types preferred by divers were emergent, yer ts ik 
shrub, meadow, and low shrub; and the types preferred by geese 
and swans were mud flat and immature fen (Table 2). Transient 
spring waterfowl are not uniformly distributed throughout the 
available habitat of the Delta. Rather, wer lLockseedlemmround 
concentrated on secttons Mort ‘shoreline Sor § Var 0USma cy pes, 
apparently, certain lakes and porticns of lakes are favored. For 
example, 47 percent (44.6 miles) of the restricted-emergent edge 
sampled revealed no diving ducks; 18 percent (17.8 niles) 
supported less than the average density of 13.2€ divers per mile 
(but more than 0); and 35 percent (33.6 miles) supported more 


than the average density. 


The data do not tell us, however, to what extent the waterfowl 
would concentrate on other shoreline types if the aforementioned 
were absent or limited. From survey records collected by Ducks 
Unlimited personnel over the period 1938 to 1967, and under a 
variety of conditions {Table 3), it appears that Delta 
populations of fall-staging waterfowl are high to moderately 
high under all but extreme flood conditions, that is, when 
waters extend beyond normal shorelines into surrounding willow 
or forested habitat. It is reasonable to expect that the same 
limitation would apply to spring-staging birds. The limiting 
factor is the availability of a more or less open, dry land 


edge, and if any is present (particularly mud flat or immature 
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fen), it is likely that enough will be present to accommodate 


al’ staging bards. 


In most cases, the density figures derived were an average of 
high and low density areas. However, for some habitat types, 
such ag restricted-drainage mud flat, the number of areas 
examined were few (three) even though numerous miles of 
shoreline were counted (13.1). These areaS may or may not be an 
accurate representation of all such mud flat shoreline (of which 
there were 695 miles in the Delta). Because of small samples or 
lack of samples, the figures for deciduous, coniferous, and rock 
edge are estimates based on adjudged attractiveness of these 
habitats relative to the calculated duck densities of the other 


habitat types. 


Possible errors in extrapolation of the population figures could 


result sero: 


(1) potential errors in determination of miles of habitat edge 


from 1970 aerial photos; 


(2) possible changes in amounts of available edge between fall, 


1970, and Spring, uc. ean 


(3) inapplicabalitye of gmcanjdencity estimates to all ipants of 


the Delta. 


The second consideration certainly applies to extrapolation of 
subsequent population segments (i.€., production, emolters; tall 
staging). However, assuming these density and population 


estimates were reasonably accurate, it is possible to speculate 
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on minimum habitat requirements for potential populations and on 
optimum habitat conditions for spring-staging waterfowl. Maximum 
concentrations of dabblers were found on restricted-drainage 
immature-fen shoreline, at Tees Ore DimeLOe2 2) POms | oper 
fae. yeete SUCH densities could be uniformly achieved, 
Sheore:iacally 1,000,.to 1,660 miles of such habitat would be 
required to accommodate the dakbler population. At the average 
densities indicated for the above three habitat types (76, 69, 
and 65 respectively), 4,900 to 5,700 miles of such habitat would 
be required (only 2,000 miles were available in 1971). Although 
this may give us some idea of the magnitude of habitat 
Eequirenents, #iteis really only a¢imathematical” exercise’ Our 
Setimate “of §4327500° ducks may “he Low) compared to the number 
experienced cn years when the continental population is high orf 
when drought on the prairies forces birds further north. Also, 
differences between species of waterfowl indicate a need for ~a 
Tater venOt Biabitat stypeseeratheraathan | just those "on which 
concentrations are highest. On the other hand, maximum possible 
concentrations are still unknown. Could there be concentrations 
exceedinc 370 per mile? Fall counts certainly show that greater 
densities occur: however, food resources in fall are more 
plentiful and more ducks can be accommodated in that sense. 
Miso aat othe most "preferred" habitat’ types were Limitedsor 
absent, to what extent would ducks concentrate on remaining 


types? 


Pio ocie tomiscatictacton lye accommouate current; and, potential 


spring-staging waterfowl populations, spring water levels should 
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be such that much of the margins of the large, open-drainage 
lakes be narrow bands of mud flat or immature fen. The period 


for such exposure would be from breakup until late May. 


The optimum habitat conditions are considered to be those which 
provide jan abundances sO teecd lel Shoreline types in order to 
accommodate all duck species and to provide simultaneous 
attraction for breeding Hirde, Condstlons eel > (letter have 
approached this optimum; however, water levels, With advantage, 
could have been somewhat higher. Also, isolated or "perched" 


basins were not adequately recharged in 1971. 


we are still unaware of all the characteristics which make some 
areas more attractive than others to the various segments of the 
waterfowl population. Habitat type, according to the system we 
have useé, certainly does not always, mOcmeett uLeoLy ¢ determine 
whether waterfowl will utilize a certain water body) aa 
preference to ancther. Therefore, pareuculab ly important 
waterfowl concentration areas should be pointed out, as tat 
these areas that should receive special attention in Water 
managemert plans. These, in addition to bearing special 
attraction to waterfowl by way of physical characteristics such 
as water depth, water quality, food types and abundance, loca 
topography, and juxtaposition of other water bodies, may also be 
attractive in a traditional sense. These areas included the 
north and east sides of-.Lake Claire, Lake Mamawi, the south 
shore of Lake Athabasca between Fort Chipewyan and Big Point 
Channel, Baril Lake, Lake 236, Welstead Lake, Lake 66, Lake 18 


(North Egg Lake), Lake 94 (Big Lake), and channel 399 (Charles 
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PIVOT) PAF 77). 


Previous research listed the north and east Shores of Lake 
Claire, the shores of Mamawi Lake, and the Birch River Delta as 
Significant concentration areas for waterfowl (popper, 1933)... The 
species found prevalent were mallard,shoveler, blue-winged teal, 
green-winged teal, baldpate, American goldeneye, pintail, 
bufflehead, ruddy duck, redhead, lesser scaup, and American 


coot. Of the Delta, Soper states: 


"Since time immemorial this part of the country has 
been a favourite stopping place of ducks, and geese 
during migration. It is more or less on the direct 
EPeute “of Sthese birds northward bound from the 
Missouri-Mississippi drainage area. Prodigious flights 
of Canada and lesser snow geese, Ross! goose, 
whistling swan and many species of ducks formerly 
Characterized the Peace-Athabasca Delta, and ina 
modified degree this holds true to the present. It is 
probably one of the greatest migrational 'clearing- 
houses! for waterfowl in the whole of northwestern 
Canada, Vandy = there "is Mae=darge= section ~Of at which 


favours breeding of certain species. 


Lweeln General ate emay be “said that waterfowl are 
overwhelmingly more numerous in the small lakes, the 
sequestered reed-grown arms, bays and channels than a 
cursory examination of the larger lakes of this region 


would ever” lead one? to’ suspect." (Soper, 1933: 3, 6} 
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The "major  cOncentratiou alLedas10L spring waterfowl populations 
found in 1969 waterfowl surveys were the Athabasca Delta between 
Fichardson Lake and Lake Athabasca and the marshes at the north 


end of Lake Claire (Dirschl, 1970). 


Factors other than availability of specific habitat types may 
determine population densities of staging waterfowl) + in-sathe 
Delta. These include the magnitude of the continental waterfowl 
population and the phenolcgy of the spring season. A late spring 
may mean that many birds may bypass the Delta Ch route eo, eiore 
northern nesting areas. A dry spring on the prairies often 
forces birds further north and may thus increase both the 
breeding and non-breeding components in. «the / Delta sagen 
consideration of these factors, it may be more feasible and 
functional to attempt to determine minimum habitat requirements 
for spring-staging waterfowl, than to establish “a. range Sor 
expected population densities per habitat type. If water 
management decisions are directed toward optimizing waterfowl 
production, 1t) ia veliecveds thax habitat requirements for staging 


waterfowl will be satisfied. 


Transient spring geese and swans were treated separately 
according to the maximum census per species (Table 2). As stated 
for ducks, turnover in utilization of Delta wetlands implies a 


qreater significance than that indicated by a single count. 


The only Delta breeding residents of this group were a small 
number of large Canada geese. Because of the small number, the 


large Canada geese have been included with the lesser Canada 
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FIG. 1. Subdivisions and census area reference numbers 
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geese in the data analysis. The sample counts indicate that 
there was an ingress of large Canada geese at the end of May. 
These would most likely be sub-adult-nonbreeding and 
unsuccessful breeding geese es the. beginning. ;of the -moit 


migration from further south (Sterling and Dzubin, 1967). 


Snow geese and swans reached their maximum numbers earliest, May 
9-13: 48,090 and 7,619 respectively; numbers of Canada _ and 
white-fronted geese were greatest May 15-18: 19,077 and 1,647 
respectively; and Ross' geese reached their maximum May 21-25: 
POCO MaGniyeathree ote the ponds tchecked— by helacepter were 
utilized by geese and swans. Two hundred Canada geese and 150 
Svan Were Observed “on pond now 7. One pair of large, Canada 
geese nested on pond ne. 188, and cne pair on no. 117, Large 
Canadas also nested in the bog-type habitat west of Lake Claire 


near Spruce Point. 


The distribution of geese and swans was very notably clumped and 
non-random. Direct extrapolation of Delta populations cannot be 
made as has been done for spring-staging ducks. For example, the 
density figure for snow geese on restricted-drainage low-shrub 
edge is derived from a sample size of 13.07 miles of shoreline. 
All snow geese counted on such edge (800) were from a segment 
0.7 mile long. However, on open-drainage mud flat and immature 
fen, which were sampled at rates of 54 percent and 69 percent 
respectively, the density estimates are probably accurate. The 
obvious propensity for use of mud flats and immature fen would 
seem, in fact, to make sightings along other edge types appear 


incidental. In order to compensate for the bias introduced by 
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small samples, adjustment factors were derived for those edge 
types sampled 'at-*a>/rate’ *of*) less than” 10" percent (65 paul 
except open-drainage mud flat and immature fen). The adjustment 
factor was the guotient of the fies of edge on which birds were 
seen, divided by the miles of edge of that type sampled. Thus, 
for srow geese on restricted-drainage low shrub, the adjustment 
factor was 0.7/13.07 = 0.053. This changes the density estimate 
from 61.21 to 3.24 geese per mile. This adjustment assumes that 
the distribution of birds on the sampled \shoreline. is 
representative of the distribution on sthat (ype sor shoreline 
throughout the Delta (1-62, 5-3 percent of restricted-drainage 
low-shrukb habitat supports snow geese at a density of 61.21 per 
mile, or 100 percent of such habitat supports geese at a density 


Of 02053 -ix- 61021 = Sr 24S per mile). 


The 1971 Delta population estimate for all geese and Swans, 


based on the adjusted density figures, was 145,000. 


BREEDING WATERFOWL 


a ee ee ee ee ee ee oe 


Prood-count data were used to determine optimum breeding pair 
census periods for each species of duck. Counts conducted during 
those periods were used to derive breeding-pair densities for 


each edge type in open- and restricted-drainage systems. 


Most transient waterfowl had passed through the Delta by the 
third week of May. The nest-initiation period of resident ducks 
ranged from mid-April to late June or early July (Table 4). Few 
Canada geese nested on the Delta, but there was evidence of some 


nesting by April 22. Seventy-four percent of observed successful 
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dabbler clutches and 44 percent of observed successful diver 
clutches were hatched by June 30. The only species showing 
evidence of renesting was the mallard (and, perhaps, bufflehead) 
with one nesting peak in ee Aprils and. a) second; nore 


pronounced peak, in mid-May. 


Mean dabbler breeding pair-densities on sampled shorelines 
ranged from 0.2 t0 18.4 per mile Gn 197s sediver palm deveiwic. 
ranged from 0.0 to 8.7 per mile (Table 5). “Dabkilers Jappacentiy 
preferred meadow, emergent, and tall-shrub shoreline types. In 
all cases except meadow and emergent shoreline, restricted 
drainage systems were preferred to open systems. Diver pairs 
preferred tall-shrub, emergent, and low-shrub edge types, and in 
ality “Cases, restricted-drainage systems revealed greater 
densities than open systems. Fxtrapolated estimates of Delta 
breeding-pair .populations,. with! consideration got. tue same 
possible error sources as discussed for spring-staging ducks, 
were 119,900 dabblers and 427800 divers (totally of@ 1627700 
breeding pairs). With a delta area of 2,000 square miles, the 
Overall breeding-pair density wouldgbe, 9162, 7/005 72,0008 —sa-e 
pairs. per square mile. {in conpakason pccoud ts (loolre 25 7enl ee) 
presented a range of values of 65 to 185 pairs per square mile 


for prairic, pothole habitat. 


Estimates .of; production ..for, the portion ofthese pel a morceon 
less equivalent. to subdivisions) Hy 1,40 ,eand) ) key COMbI cede eac. 
1), were calculated in a preceding study.(Sterling, 1966:3). 
Using shoreline measurements derived from aerial photos, and 


average figures of breeding pairs of waterfowl of 13 and 30 per 
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mile (unimproved and improved conditions), estimates of 37,800 


to 87,240 breeding pairs were calculated. 


AweCONDLeExXeed i striputrronerand interspersion ofall ®habitat types 
present in the Delta is essential to promoting successful pair 
dispersal and production for a variety of waterfowl species 
(Table 5). The presence of all types should be ensured although 


the importance of some exceeds others. 


Indicated pair densities were calculated for each duck species 
and adjusted values were computed for the diver and dabbler 
groups. These adjustments (Appendix 2) were based on estimates 


Or 


(1) Observability, which depends on habitat type, plumage 
Characteristics, , ) and behavior, and, in “thas case, assumes 
that helicopter and airplane censusing methods (as well as 
different observers) are equally efficient. (The weaknesses 
of this latter assumption are obvious, and are discussed by 
Rowinski [1958:74-77]. Observability also depends on other 
factors; Such tas weatheraand tdinrection of Light, which are 
too variable and immeasurable to allow for compensation in 


calculations. 


(2) Turnover in use of habitat sites by breeding pairs (Sowls, 


aD Bahco a Fh pos 
(3) Presence of non-breeding birds. 


(4) A bias resulting from subconscious selection of areas 


ike yet OMe SU DpOLtMNUUCKS a Tuils © Dias yapplicd) only to 
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helicopter surveys and only emergent, meadow, and low shrub 


habitats. 


(5) Additional pairs represented by unidentified ducks. Ratios 
of unidentified to identified indicated pairs ranged from 
an’ [averages of *¥ii2Guetor “helicopter mecountougnto nyt ieccs 
airplanescounts. ‘Thus, theycensus}resultsycould be greater 
by 3.6 percent to 7.2 percent. Unidentified pairs were not 
apportioned to the ditferent =species because species 
visibility varies (Rowinski, 1958; Martinson and Kaczynski, 
1967) and because amounts of censused habitat of each type 


were not equal. 


(6) The correction factor for rock (-S0spercent) = Was gevascdman 
the small sample size and on the fact that ducks Seen on 
rock edge were probably there because of proximity to some 
other edge type. @ (For) tfurther Fda scission Cle tac Ore 
affecting aerial waterfowl surveys, see Martinson and 


Kaczynski (1967) and Diem and Lu (1960). 


The significance of the aforementioned habitat types has been 
based ‘on thedrelationship of birdgdensitics stot thespimmediate, 
apparently effective (ite., “having an anilvuencesongiird usec) 
edge. It should be realized that, in the case of breeding pairs, 
habitat types adjacent tosthis» edge “are "also, Pintiucntial ag 
determining bird use. This is more applicable to dabblers, which 
may nest at a considerable distance from water, than to divers, 
which generally nest over, or immediately adjacent to water. 


Therefore, when ‘tall “Shrub. “is “revealed) fas. ane igac tive 
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Sorel ine lly pe ws according tosour  methods,.i1tS reat. significance 
hay be partially related to the fact that tall shruh is often on 
d levee adjacent to a grass meadow, the latter being excellent 
Hest ingewabrtat-—-this jJneaddit10n to.tme fact that levees with 
intermittent shrub cover provide secure and attractive nest 


Slee. 


The significance of restricted-drainage systems as compared to 
open systems (Table 5) has important water management 
implications. Restricted water bodies not only support the 
greatest pair and production densities, but also provide a much 
greater proportion of available shoreline mileage throughout the 
Pelta (at, suitable water levels). Also, once filled, they are 
not generally subject to the same water level fluctuations as 
Open drainage systems; and, therefore, waterfowl nests have a 


greater success potential. 


Optimum habitat conditions for production require that the 
aforementioned variety of types be maintained throughout the 
period between late April and the end of July, or at least Many 
to July 15. Moderate recession of water levels during the latter 
part of this period would not significantly reduce nesting 
Success; however, rising water levels would cause losses at 
varying rates depending on the magnitude and timing of such 
increases. Minor increases and decreases would only affect open- 
drainage systems. Divers generally would be more susceptible 
Bhan datblers “to nest destriiction or brood loss by water level 


PLuctuatirons. 
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Cther researchers have also noted varying effects of water level 
fluctuations on duck production. Newcomen and Bajkov (1939: 5, 
7, 17) regarded the drainage of spring floods from the Athabasca 


Delta as a waste: 


ipuring ‘the last) @tounr yearse= (esS-1 959) the spring 
floods have drained out into Lake Athabasca, doing 
untold harm “to the “Muskrat and Beaver population. 
Although the waterfowl conditions both as regards 
nesting and population are ‘still ‘good; there is a 
marked dropping off im Tate years-= . Wand the Dedilee 
is that they will continue to decrease year by ~year. 
Tt " is’ therefore evident “that systematic policy of 
water Conservation is Wroently required, and alse 


desired by the local inhabitants." 


"...The entire area abounds in good cover and feed. 
Unfortunately, during the last “twor” or = three years, 
considerable loss has been caused to the newly hatched 
bkirds by the lack of water especially in the Blanche, 


Mud, and Dagmar Lakes area...." 


In 1964, a dam on the Chenal des Quatre Fourches was proposed 
(Campbell, 1965); the plan was considerably more energetic than 
that of Charles (V947b). The new plan called “for (7/5 mites oF 
dyke, compartmentalization of the Claire-Mamawi area, and 
tertiary developments within compartments. Although the plan was 
not executed, valuable information regarding the Delta was 


provided in this and a complementary report by Sterling (1966). 
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One of the important assertions of both those reports was that 
the waterfowl production of the Delta was far below its 


potential because of early summer floods. 


As already mentioned, spring water conditions must 
Simultaneously provide attraction for staging and breeding 
birds. In order to provide optimum conditions PEON G both 
population segments, mud flat-R!, meadow-0, immature fen-R, and 
emergent-0 and R should be present, along with tall shrub-R, 
meadow-R, and low shrub-R. All of these conditions cannot be met 
Simultaneously throughout the Delta. In order to provide these 
when and where they will benefit waterfowl most--namely in 
restricted-drainage basins--water levels must be raised early in 
spring. Such a regime wculd eliminate much of the mud-flat and 
immature-fen shoreline apparently preferred by staging dabblers, 
geese, and swans. A compromise could be achieved temporally or 
Spatially. Water levels could be raised by May 15-20, thus 
accommodating most of the staging birds while providing for 
flooding of perched basins before the majority of nests were 
initiated. On the other hand, water levels could be raised at 
Freakup, but only to a point of flooding some of the perched 
basins while leaving others at levels which would provide for 
mud flat and immature fen edge. The temporal arrangement would 
be preferred, mainly because it would allow for a better 


distribution of preferred habitat types. 


1R=restricted-drainage system; O=open-drainage system. 
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Two methods of estimating production were available from the 
1971 field data. First, one can use the breeding pair census 
data, making certain assumptions regarding success, brood size, 
and relationships of breeding pairs to broods to habitat .types, 
For example, in other studies (Hammond, 1958235736 lacVy~ to oleN o) 
it has been considered reasonably accurate to assume that 50 
percent of the breeding pairs produce an average DEOOdgusOt mo ke 
(This average brood-size figure concurs Withlouret i ndangse.cor 
Class III broods on the Peace-Athabasca Delta in VOUT ls08) Thus, 
the breeding-pair figure is multiplied by three to estimate 


production. 


The second method available for estimating production was to 
make a count of broods and apply average brood sizes and 
knowledge of age classes. In this case, assumptions involve 
observability of broods in different habitat types (more so than 
pairs), comparative observability of different species, and time 
of day —of -—scounts gan difheventmancacmor the Delta. Because of 
brood movement and because of the low proportion of broods 
actually seen, brood counts generally are not considered to be 
as good as pair counts as indicators of ssynysee Wiice habitat 


productivity (Rowinski, 1958288). 


Production-density estimates were computed using both pair-coune 
and brood-count datare(5 10 .c eceen Como) ee 2 Le production 
distribution reveals the above-mentioned possibilities, namely 


unobserved broods (the overall mean density is lower for brood 


DABBLER PRODUCTION DENSITIES 
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Fig. 2 


counts and brood counts, Peace -Athabasca Delta. 
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count analysis), and brood movement (in this case toward meadow 
and immature fen habitats -- Fig. 2). However, for divers, 
production-density estimates based on brood data were 
approximately twice as great Ae Geek based on pair data (Fig. 
3). Also, indications of brood movement are not nearly as 
pronounced as for dabblers. The first of these phenomena may, at 
least partially, ke explained by the fact that diver broods, 
because of behavioral characteristics, are more observable than 
dabbler broods. That is, dabbler broods generally seek cover 
when disturbed whereas diver broods often move out into open 
water. (However, an attempt already had been made to compensate 
for this fact in the adjustment factors for brood observability, 
Appendix 3.) Secondly, dabbler broods are more frequently 
produced adjacent to shallow water areas and may be forced to 
move to more permanent, deeper water, whereas divers, more 
frequently produced along streams and on deeper ponds and lakes, 


are not under such pressures to move. 


The greater diver-production densities, based on brood data as 
conupared “to pair “data, “are difficult to explain. Broods 
generally are not considered more observable than pairs. One 
possible explanation lies in the fact that pair data were 
obtained from a considerably larger sample--a sample which 
included much more mud flat and immature fen, especially around 
Pargerovlakesas?Thispeexplanation  doesynot apply to tail shrub, 
however, where the sample size was the same in both instances. 
The possible biases of sample size superimposed on _ brood 


movement inhibit accurate density estimates. 
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Nevertheless, we must use the best data available, interpreting 
it with the above possibilities-in’mind. Obviously, if brood- 
count figures exceed pair-count production estimates, the former 
must be more reliable; “therefore; the ’brood-count analysis) shas 
been used for diver production estimates. For dabblers, however, 
the mean production densities estimated by both methods were 
similar, "while?’thée relative distribution, accordtnqmetomehan cre 
types, changed considerably. “In the case of dabblers it was more 
acceptable “to Tutilize “the pair’ data tovestimate production 
densities. Table 6 summarizes the density estimates accordingly, 
and "provides Sprodiction estimates ion Sthe ~Deltaminascdey cn 


available habitat in the spring of 1971. 


MOLTING WATERFOWL 


Molting-waterfowl counts were made via helicopter for areas of 
emergent vegétation, and via airplane for open shorelines or 
shorelines with emergent edge. The average transect width was 
150 ft. Three counts, of varying intensity, Were made: June 22, 
July 8-15, and duly “20-275 “Ihe? distr ebutionvands en =1c 
molting waterfowl is not so much a function of Shoreline acu: 
is of wetland “area. Therefore, nolping counts were related to 


acres of open water or emergent vegetation. 


The molting population of the Delta includes post-breeding and 
non-breeding resident birds and immigrants from surrounding 
lakes and marshes. It also includes sub-adult, non-breeding and 
unsuccessful-breeding geese and post-breeding ducks from areas 


considerably south of *theP DeltaltedSterlinyetand sD z2Ugi nye ea 
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diving -duck production - density estimates based on sample pair counts 
and brood counts, Peace -Athabasca Delta. 
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Dirschl, .1970:53). ~The total number OtewateriowieUtitlIziige ce 
notes as a molting area during one annual cycle will be 
considerably greater than that observed in a Single census; 
there is significant ee eee ee and intraspecies phenological 
overlap through the molting season. For example, some mallards 
may have regained flight following their molt at the time that 
blue-winged teal are just beginning to molt. Meanwhile, some 
renesting mallards may have had their molt period retarded, 
coinciding with the blue-wings. The assessment of molting 
populations is further complicated by the possibility that ctiace 
III young ducks were sometimes mistaken for molting adults. 
Also, the molting period overlaps with the fall concentration 
period when post-molting birds arrive from areas outside of the 


Delta. 


Under these circumstances, the best direct estimate of molting 
populations that can be derived is one from a sample count which 
reveals the maximum density of molting birds. Actually, a more 
accurate estimate. would be, derived aby obtaining, fotseach 
species, the maximum of a series of counts (as was done for 
breeding pairs). However, due to the drab and mottled eclipse 
plumage of molting ducks, identification from: the air cannot 


extend accurately beyond the categories of dabblers and divers. 


Available habitat, beyond a reasonable minimum, has not been 
considered a factor limiting molting populations of geese 
(Canadas) on the Delta. Such populations have been considered a 
function of production and of the number of immigrant non- 


breeding and unsuccessful-breeding geese. 
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Three habitat categories have been used in the analysis: 
(1) open water (shorelines), 


(2) marginal emergents and the open water immediately adjacent, 


and 


(sy emergent, that “is, areas of continuous emergent cover or 


emergents interspersed with open water. 


There is an obvious, but indeterminate, observability bias 
between counts cf molters in open water as compared to emergent 
cover, and between dabblers as compared to divers. There are 
few, if any, records of attempts to determine adjustment factors 
tO compensate for relative observability. Dirschl (1970:50) 
recorded an average molting waterfowl density of 41.5 per mile; 
however, no adjustment factors were applied for different 
habitat types. Fstimated adjustment factors were based on 
considerations of bird behavior and cover types in the Delta 
(Table 7). The last count was the most extensive (largest 
Sample) and yielded the highest densities of molting waterfowl 


(Appendix 4). 


Moltiig-duck densities on sampled areas ranged from zero to 30 
per acre for dabblers and zero to 13 per acre for divers. 


Marginal-emergent cover of open-drainage lakes was most 


Uistribution. of concentrations of molting ducks im 1971 was 


Sit peidteco CidteouserVed=by Dirschl in’ 1969 (Dirschl,  1970:51). 
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Table 7. Estimated adjustment factors for waterfowl molt-count 


results, Peace-Athabasca Delta, eM Ale 


Sc eee eS A TED AE ID SE TE SOT OO aT CEE GO aL Se 


Adjustment Factors 


Habitat Type Dabblers Divers 
Open water 1.0 130 
Marginal emergent Wee tas 


Emergent eats | T6 


a a cr a ee me Oe a ae oes ee 
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Favored areas were the lakes along the southeast side and north 
SNCs oOlela Ker Contre thewbarCheeriver = Delta,«mand portions’ | of 


Mamawi Lake. 


Notable concentration areas for molters in 1971 included the 
lakes along the southeast side of Lake Claire (301, 304, 305), 
portions of the north end of Lake Claire (402), the Birch River 


Delta (345), Lake 239, and much of Mamawi Lake. 


It has been generally agreed that ducks seek areas of emergent 
cover during the flightless period; however, the range of 
density values (Table 8) suggests that habitat type was second 
in importance to location of lakes--and perhaps a combination of 
other factors, such as water depth and availability of aquatic 
foods--in determining the distribution of molting ducks. These 
location preferences were also observed by Dirschl (1970:52-3). 
The marginal-emergent shorelines of open-drainage lakes appear 
to be the preferred molting areas for dabblers (adjusted mean 
density = 16 per acre). The extraction of this figure is based 
almost entirely on a sample of 800 acres of such habitat in Lake 
Mamawi. It was also determined that 30+ dabblers per acre were 
accommodated on the open water of a restricted-drainage lake. 
This figure was derived from a sample of 71 acres of such 
habitat in Lake 305. It appears that the Delta could have 
accommodated many more molting waterfowl than it did in 1971, 
but that certain lakes or groups of lakes have ae particular 
(perhaps traditional) attraction superceding the presence or 


absence of emergent cover. 
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fhe best use which might be made of the data in Table 8 may be 
‘Sua determination of minimum habitat requirements for potential 
molting populations. Based on crude estimates from 19574 
observations, a molt population of 500,000) ducks 1s more than is 
likely to be achieved in the Delta. At 30 ducks per acre, 17,000 
acres of suitable water habitat (with or without emergents, but 
with adequate aquatic food and preferred depths) is required to 
accommodate a porfulation of that size. It iS important to note 
that we may be overlooking a requirement or requirements) of 
molting-duck concentrations. Such requirements may mean that 
much more of a particular habitat type is necessary than is 
actually utilized at a given time. Also, the choice of specific 
concentration sites may change from year to year as_ food 
resources are locally depleted or water levels fluctuate. It 


must not be forgotten, as well, that brood water requirements 


must be met at the same time as molting-waterfowl requirements. 


Optimum habitat conditions would require that the water regime 
would be one of static or slightly reduced water levels. The 
period of concern follows and is partly coincident with that of 
breeding and production. This is the period (June 1 to August 
15) of growth of emergent vegetation. Increases in water levels 
could flood out nests while pronounced reductions would result 
in immediate loss of marginal emergent habitat. For open- 
drainage systems this means that, following early high water 
levels and subsequent to immediate drawdowns (when necessary), 


water levels should not fall more than 0.5 to 1.0 ft before 


August. For restricted-drainage systems, water level reductions 
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will depend on evapotranspiration rates for individual water 
bodies, except for years in which they are flooded above their 


full supply level. 


As was done for spring-staging waterfowl, a series of counts was 
made of the?’fall-staging birds in order@to) 9detect immigration, 
emigration, and peak populations. Counts were made August 9-19, 
August 30-September 4, September 16-18, September 30-October 3, 
and October 12-14. Sample size ranged from 305.2 to 384.6 miles. 
The last count was made over a somewhat different route from the 
preceding four in order to include known concentration areas of 
geese and swans. All counts were made frome ake Pipers Supersscup 


airplane. 


By the time the late-nesting species were initiating their 
clutches, drakes of the early nesters were beginning to” ilocs 
Lor molting; and post-breeding birds from elsewhere were 
beginning to concentrate on the Delta. These concentrations 
continued to increase through June, July, and August. From mid- 
August through Octoker, waterfowl were movangaintoy and @OUTes Or 
the “Deltas According» to our’ sampler census figures, the maximum 
concentration of fall-staging ducks occurred between August 30 
and September 4; the maximum for geese occurred during the 


second week of October. 


Freeze-up and the coming of "winter" was sudden in the Delta, as 
it was throughout much of the prairie provinces. Ice covered 


many of the small ponds on October 24. Freezing temperatures, 
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snow, and strong northwest winds between October 25 and 27 
forced most waterfowl out of the Delta. The overnight low, 


October 28, was -59°F. 


Behavioral characteristics dictate that numbers of dabblers, 
geese, and swans should be related to shoreline miles, while 


diver densities be expressed on an area basis. 


Many of the considerations discussed in the analysis of spring- 
staging populations also apply to fall-staging waterfowl, 
especially with respect to clumped, non-random distribution and 
BUrnNOVer, sin UWetlazation, of Delta wetiands. Some characteristics 
make assessment of fall populations easier. Late fall flocks are 
often larger, more discrete units and more mono-specific than 
Scrang tlocks. Also, confusion with, breeding ,birds 1S . not. a2 


problem. 


PActors p.Other ethan) sdVvailability of specific, habitat types may 
determine the staging waterfowl population densities, e.g., 
magnitude and nesting success of the northern breeding 


population, and autumn phenology. 


On sampled areas, mean densities of fall-staging waterfowl 
manged, -fromss2eto 1,142. per, nile. for aabbtee et O70 a) tO, 0.20, per 
acre for divers, and 0 to 105 per mile for geese and swans. Mud 
‘flat, immature fen, and emergent shorelines were preferred by 
dabblers, geese, and swans; emergents and the open water of 


rivers were preferred by divers. 


An earlier study revealed that fall-staging dabblers preferred 
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the mudflats of Lakes Claire and Mamawi, while divers preferred 
the larger lakes of the Athabasca Delta (Nieman and Dirschl, 


T1)ee 


One to 1.5 million waterfowl might be expected to utilize the 
Delta “asta “staging Area sin tieelalie(no seer Urranecouciy ime 
maximum waterfowl densities, as observed in 1971, at least 200 
to 300 miles of shoreline of the preferred types would be 


required to accommodate such a population at one time. 


The indicated optimum water regime, relative to preceding water 
levels, would be one of minor reductions to ensure the 
maintenance of considerable marginal emergent cover, as well as 
an abundance “of 9 mud flat “and immature fen shoreline (such 


Margimsebeing 20 "tov2Z005 £1. wide)= 


The “areas "of ‘toutstandang concentrations of fall-staging 
waterfowl included most of the north and east shores of Lake 
Glaite the Birch (River Weltae (345) 4 makeosalong™ Buiie southeast 
Side ~of Lake Claire (Welstead, 2017 3047) 205)1, Malawielake, and 


the tsouth shore sof Guake tAthabascar 


The five fall counts demonstrated a temporal population pattern 
(Table 9). While the fifth count followed a additiea route, it 
36 belveved that ihe eindircaccd direction of population 
fluctuations was, in fact, real; that is, the total duck 
population declined and the total goose and swan population 
reached a maximum. There is evidence of two concentration peaks 
for mallard, pintail, gadwall, green-winged teal, and Canada 


geese; however, this may have been a reflection of the modified 
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sampling route of count #5 (this applied to mallards and Canada 
geese, but mot gadwalls) , = or’ a movement or birds within the 
Delta between counts. Because of the high proportion “oe 
unidentified to identified Aue ke it was considered unwise to 
Pepor ater unidentified birds according to percentages of those 
identified. Therefore, the maximum total counts for the dabbler 
and diver groups were used to estimate population densities. The 
maximum counts of swans and each species of geese could be 
penned because there were no unidentified birds. Thus, 
dabbling duck and Canada goose concentrations reached a _ peak 
near the end of August through early September; diving duck and 
white-fronted goose densities were greatest in mid-September; 
and snow goose and swan densities were greatest in mid-October. 
Although no Ross' geese were recorded, it is believed they were 
present in the Delta. Some flocks may have been misidentified as 
snow geese. Previously, Ross' geese were recorded in the Delta 


between mid-September and mid-October (Soper, 1951:47). 


Although density estimates have been obtained (Table 10), phot tec 
believed (as was the case for spring-staging birds) that Lt eis 
more practicable to determine minimum habitat requirements for 
potential fall populations. Again, following the analysis used 
for spring staging ducks, it was evident that mud flat, immature 
fen, and emergent edge were preferred habitats of dabblers; 
emergent areas cf restricted-drainage lakes and open, deep 
streams were preferred by divers; and emergents and open- 
drainage immature fen and mud flat were preferred by geese and 


swans. To some extent transient waterfowl utilize whatever 


(Continued on next page.) 


Table 10. Fall-staging waterfowl densities based on 
counts, Peace-Athabasca Delta, 1971.1 
DUCKS 
Habitat Dabblers 
Type Drainage Dabblers Divers Per Mile 
Emergent Restricted 2184 319 LO 25 
(21.1) 2 (6736) 
Open 50113 = 648.3 
(17.3) (0) 
Open water Restricted G22 
lakes (26365) 
Open 2038 
(5 186 2) 
Open water Open LZ 
rivers (548) 
Mud flat Restricted 24191 949—6 
(2935) 
Open 27694 1742.2 
(23-3550) 
Immature Restricted 21841 534.0 
fen (40.9) 
Open 23634 PENIS 
Meadow Restricted 5216 1805.5 
(28.9) 
Open ie a 
(0) 
Low shrub Restricted i393 aay: 
(1.0301) 
Open 2790 105.3 
(2635) 
Tall shrub Restricted = = 
(0) 
Open 33 crs: 
(18.6) 
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sample 


Divers 
Per Acre 


Table 10. 


Habitat 


Type 


Emergent 


Mud flat 


Immature 


fen 


Meadow 


Low shrub 


Tall shrup 


a ee eee 


1Dabbler 
and white-fronted goose census: 


census: mid-October. 


Continued. 


ee SE eS ES ES TS ST LT 


0 
(21.1) 
O70 
(age) 
320 
(25.8) 
705 
(3320) 
1603 
(40.9) 
526 
(102.7) 
0 
(28.9) 
(0) 
513 
(10.1) 
804 
(26.5) 


(0) 
143 
(18.6) 


GEESE 
Wits Snow 
390 6) 
(28.5) (16.7) 
20 549 1 
Cid. 2) (AZA al} 
0 0 
(20.3) (55 cul) 
0 1000 
(Tie 1) OG On 5} 
@) ras 
(43.0) (0) 
SS 2567 
(80.3) (80. 3) 
0) — 
(18.9) (0) 

(0) (0) 
(0) (0) 

0 0 
(3.3) (3.3) 
(0) (0) 

@) oo 

(18.6) (0) 


Canada goose census: 
mid-Sept. ; 
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(see ape ee ee 


Geese & 
Swans 


Swans Per Mile 


(55.1) 
2257 
(101.5) 


(0) 
3216 
(80.3) 


(0) 


(0) 


66.4 


105.33 


12.4 


Sees) 


eee ae a 2 SS SS ET 


late Aug.-early Sept.; diver 
snow goose and swan 


2Numbers in parentheses are sample sizes: in miles for dabblers, 
geese and swans; in acres for divers. While the routes remained 
between counts, edge type amounts changed 
due to fluctuating water levels. 


virtually 
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habitat is available, particularly on the larger lakes, thereby 
obscuring evidence of habitat preferences. We cannot be sure to 
what extent waterfowl would concentrate in other habitats if the 
aforementioned were limited or absent; but, as was mentioned 
earlier, availability of "dryland" edge is a limiting factor. 
The preference by dabblers, geese, and swans for emergent, mud 
flat, and immature fen shoreline on large lakes was very evident 
in 1971. If floodwaters were high, eliminating such edge, fewer 
birds would utilize the Delta as a stopover. The effect that 
this might have on the success of their southward migration is 


unknown, but the implications are certainly obvious. | 


Fstimates of breeding-pair, production, and potential molting 
peopteations for the Delta in 19/1 £4were t627 70075.) 0107, 0007," and 
500,000, respectively. This means that at least 1,110, 800 
(610,800 + 500,000) ducks would have used the Delta as a staging 
area before northern migrants arrived. If we assume that the 
mid-October waterfowl census included only transient birds from 
further north, and that we counted 50 percent to 75 percent of 
all such birds present in the Delta (both feasible assumptions), 
wena (9,300 to. 1227000 “ducks. and 35,900 to 55,300 geese and 
Swans could be added to the preceding figure, to yield a total 
estimate of 1,190,000 to 1,232,800 ducks Di iSmos, 90 Ormco oo, 500 
geese. These are rough estimates, and it is felt that both the 
duck-production and molting-population estimates may be high. 
The greatest number of geese and swans seen in a single census 
was 27,630. If we assume that we counted 50 percent to 75 


percent of the population, and that a turnover of such numbers 
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occurred twice, then the total fall population estimates ranged 
Aeon 110,200: to: 165,800... Theses cstamatesi, are noteworthy in 
consideration of the fact that the spring-staging estimate was 
145,000. For all species, ae whistling swans, the sample 
counts revealed considerably greater numbers in the spring than 
in the fall. This would seem to indicate that many fall migrants 
may use an alternative route or that we have underestimated the 
amount of turnover. Densities as high as 4,900 dabblers per 
mile, 700 geese per mile, and 80 swans per mile were recorded 
for specific census areas (Appendix 5). Although such densities 
would never be realized throughout the entire Delta, it appears 
that many more fall-staging waterfowl could have been 
accommodated under the 1971 habitat conditions. But what are the 
minimum habitat requirements? If 800,000 to 850,000 dabblers 
were to use the Delta concurrently as a fall staging area 
(derived from foregoing estimates), and if “such “birds gecan 
concentrate in densities of up to 4,900 per mile (open-drainage 
mud flat), then at least 160 to 175 miles of such habitat would 
be reguired. Again we may be overlooking the complexity of the 
requirements, as was discussed for molters. In the case of 
divers, if 385,000 ‘were to use the Delta concurrently ,. and. 3 
such birds can concentrate in densities of Leaner acre (open 
water of restricted-drainage lakes; see Appendix 5), then 
284,000 acres of agate habitat would be required. This figure 
probably reflects the effect of large sample units; that is, 
divers on specific sites concentrate in considerably greater 


densities, and actual habitat requirements could be much less. 
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The foregoing sections have been an attempt to evaluate mininun 
and optimum habitat requirements for the four waterfowl 
population segments. To meet these requirements on a long-term 
basis, a specific annual water regime is required. The 
significance of different requirements for restricted- vs open- 


drainage systems here becomes apparent. 


The production period, May 1 to July 31, is of utmost 
importance; water management plans should center on this period. 
It has been recommended that a complete variety of edge types be 
distributed throughout the Delta in order to accommodate 
breeding pairs and nesting of all waterfowl species. However, 


emphasis should be placed on the more productive edge types. 


The most important habitat types, in order of significance 
according to waterfowl densities, were computed for each of the 
population segments of dabblers, divers, geese, and swans (Table 
11). Also described was what was believed to be the water level 
regime necessary to provide such conditions within a given year 
(Fig. YW). These are implied optimum conditions and not 
necessarily those which would maximize utilization ene a 
pPacticular habitat type: not all types can be maximized 


Simultaneously. 


There are two periods during which water sources are 
significantly available: first, local runoff occurring at spring 


breakup; and second, when mountain snowmelt reaches the Delta 
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through the Peace and Athabasca Rivers (late June through early 


July) 


. Perched basins; ‘which are so important to production, 


cannot be filled without raising water levels to such an extent 


and 


lost. 


at such a time that considerable duck production would be 


Production may be maximized, however, by raising the water 


level every three to five years to a level which would recharge 


all perched basins. This would serve several purposes: 


(1) 


(2) 


(3) 


(4) 


(5) 


The 


It would allow for fall drawdowns to promote growth of 


emergents. 


The periodic flooding would inhibit too extensive and too 
dense a growth of such emergents, and also the advance of 


other successional growth stages. 


It would maintain the early-successional-stage nature of 


restricted drainage basins. 


It would provide for a maximum of shoreline habitat of all 


types while fulfilling the foregoing functions. 


It would reduce the potential for nest loss by tloodingemar>c 


once in three to five years. 


major prerequisites for achieving the suggested optimun 


regime include: 


(1) 


(2) 


Insurance that the early spring runoff would be adequate to 
achieve the desired levels in years between prescribed 


floods. 


Insurance that water sources would be adequate to achieve 
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the desired flood levels once in three to five years. 


(3) Insurance that such floodwaters can be removed immediately 
to promote at least some nesting and renesting in the same 
season, and to promote conditions suitable for molting and 


fall staging populations. 


(4) Prevention of excessive flooding in years between 


prescribed floods, thus ensuring optimum nesting success. 


Tpewuormal flood) period occurs, during the first half of July, 
Dut May begin by late June. This presents a threat to a large 
proportion of waterfowl nests (26 percent of the dabblers and 56 


percent of the divers not hatched by June 30, 1971). 


Se = =e —_—— Se oe ae See —— ee eS ewe Se ee —— —— as 


In deriving waterfowl density estimates, we found the means of 
samples taken from all parts of the Delta. These means have been 
used to extrapolate population estimates for the entire Delta or 
for individual compartments. This was the most practicable 
method available although sample sizes of each habitat type were 
npotwequaly tom all compartments.. In fact, sample sizes within 
compartments were not large enough to permit detection of 
differences if they existed. It is apparent, however, that the 
Heal Censitics *didsiot apply equakily "io call partsitof the pel ta. 
For example, meadow shoreline along lakes adjacent to the 
southeast side of Lake Claire supports greater densities of 
ducks than such edge in compartment G. Therefore, in evaluating 


the potential waterfowl use of any particular compartment or 
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group of compartments (for purposes of management, etc.)%5 one 
enoula consider, ‘at least subjectively, the attractiveness of 
those areas relative to the mean density. Some measure of the 
relative potentvalitor Natecrowls utd Vice tion (per shoreline mile 
or wetland acre) of the 10 compartments (treating I-J as one) 
might be made by assigning ratings, giving the value of one to 
the compartment with the greatest potential (Table 12). Thus, in 
promoting production through water management measures, one 
would be well advised to look first at compartment G, then the 
Claire-Mamawi complex, and then the Chipewyan Reserve. One would 
find, however, that compartment G has relatively secure water 
level conditions, and therefore, that first efforts should be 


directed to compartments I-J, H and F CFidar 4 )\r. 


—— ae we ee es ee —— Soe ee ee eee Se ess ae ee a ae eee Se ee a 


The rock weir (with spill level at 688 a.s.l.), which was 
constructed at Quatre Fourches in November, 1971. Gani wave 
expected to provide for the recharge of many isolated and 
restricted drainage basins in compartment I-J. It is suggested 
that a level of 686 to 688 be considered a base level for this 


area, upon which to base future water level management (Fig. 4). 


ee ee ee ee ee ee ee eae 


of the Athabasca and Peace Rivers produced a substantial flood 
on the Delta in spite of the constraints on the Peace. Suc ha 
phenomenon cannot be expected to recur often. or j/-predictabhy. 
Fven at that, a large proportion of restricted drainage basins 


were not recharged, particularly in I-J. If it is found that 
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Takle 12. Estimated relative waterfowl-utilization values of the 
ten compartments of the Peace-Athabasca Delta. 


SS SS 


Population Segment 


Sr rg ee ee ee er ee te re ee ee ee ee ee eee mee ee 


Spring- Breeding & Fall- 

Compartment staging Production Molting staging 
A uy 7 5 3) 
B y 6 4 6 
C 6 6 3 3 
D 3 i 2) 2 
E 2) 5 2 2 
F 8 3 ub a 
G 5 1 2 4 
H 7 2 5 8 
tie 1 2 1 1 
K q 4 u a 
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recharge the. iperched™ basins) vate eleast Gonce Pin Verve sycarsy 


SS ee ee Se ee Se em —— ee ae ee = oe oe ee ee ee a — a 


a ee re eee ee ee eee 


basins: adjacent «-to Makes) Claire 9 andsgMamawi S Potential for 
wetland improvement (on an)’ individual» .(tertrary) ) andr “block 
(secondary) ) basis«4s ‘evident ine otter vareas Vor he pelra- 
Several basins in the Chipewyan Reserve have a low productive 
capacity because their “waters: “drain” anto eke Athabasca 
following=-the . spring “thaw, "and *they tace }inouy rechargcdusely 
moderate summer floods. With controlled water levels, 
development of aquatic vegetation, including excellent emergent 
cover, would be rapid. Reticulated low levees would provide good 
nesting habitat. Lake 85 is an example of such a basin (Fig.1). 
A large proportion of the basins on the Chipewyan Reserve could 
ke suitably managed - both for muskrats and waterfowl - by 
censtruction of: a dyke extending Bromithe Fletcher | Channel @ta 
the Goose Island Channel, just south of Flower Bay. 
Alternatively, these basins might be managed on an individual 
basis. »Limon “Lake “and “adgjgacent®#@bacine® Sree Panother area or 
potential improvement as a unit. Compartment C, south of Canoe 
Portage, including Grey Wavy Lake, lends itself to improvement 
by dyking. Basins adjacent to, and draining into, Riviere des 


Rochers could be tremendously improved with small weirs. 


Le and when it becomes feasible to intensify management 
procedures within the Delta, and depending on the effects of 


water-management developments, the opportunities will likely 
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exist to employ such techniques as internal ditching, pothole 
blasting .eeand sEconouructloneeoranesting 1 slands. sin particular, 


efforts should be made to promote nesting of Canada geese. 


Although more will have been said of this in the hydrologists' 
report, several alternatives exist for primary management of the 
water in the Delta and Lake Athabasca. Plans for secondary or 


tertiary developments await decisions on these alternatives. 


An ice dam on the Riviere des Rochers--the potentiality of which 
was investigated during the winter of 1971-72--could, to some 
extent, provide the desirable water regime outlined previously 
(Fig. 4). Of course, several facets of such an operation remain 


to be examined if greater depth. 
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The magnitude of direct, local consumptive use of waterfowl in 
the Delta is virtually impossible to measure. In general terms, 
however, it is obvious that waterfowl form a substantial part of 
the diet of many Delta residents, being eaten fresh in spring 
and summer and frozen for use in winter. Although meat can _ be 
purchased at the Hudson's Bay store, waterfowl (as well as other 
wild game) provide relatively inexpensive iets and thus 


supplement the income. 


Many duck eggs were once taken for food and were considered to 
have a significant effect in depressing production. This 
practice has probably been discontinued for three (or more) 


Teasons: 
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(1) concentration of people in Fort Chipewyan making excursions 


for egg collecting economically unjustified. 
(2) the difficulty in locating duck nests, and 


(2) Bthes aver lability seor Alternative toods, including "sToLle-] 


bought" eggs. 


An insignificant amount of egg collecting probabiy “occurs 
incidental to cther activities, especially by people living or 


camping in the Delta away from Fort Chipewyan. 


Treaty Indians and natives with registered traplines “dor Tor 
require a licence to hunt waterfowl in season. Therefore, there 
is no record and no indication of numbers of birds taken by 
these groups. .1n 19/1,,) 22 )0atives and 18 non-native people 
purchased bird licenses through the Department of Lands and 
Forests at Fort Chipewyan. Of the non-natives hunting in the 
Delta area, most are people temporarily residing there, such as 
government personnel, and some are passing through on business 
and hunt coincidentally. In cther words, there are few, if any, 
outsiders who travel to Fort Chipewyan specifically to hunt 
waterfowl. Construction of an all-season road to Fort Chipewyan 
would undoubtedly change this situation. With this in view, 
there is future economic potential for Fort Chipewyan through 
hunting-associated services including guiding, equipment, food, 
and accommodation. Hopefully, such gains would accrue directly 
to the native people rather than to outside investors. These 
same services would apply as well to activities other than 


hunting (which is restricted to the non-Park Delta and to a 
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short period of the year), such as scientific studies, fishing, 
photography, natural history education, camping, and general 


tourism. 


Pending decisions regarding management of wetland habitat, the 
Delta Pra ES offer employment opportunities to natives in 
construction of water-control and habitat-improvement works, and 


in on-going programs of water management. 
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"These passages (fall migration routes) obey 
topographic features such as _ lakes, marshes, and 
rivers when these lead toward wintering grounds, 
overland routes being followed when there is no direct 


watercourse." (Hochbaum 1955:110) 


A glance at a map of the water courses of western Canada will 
reveal the prime location of the Peace-Athabasca Delta with 
respect to waterfowl movement. The edge of the Shieldjon the 
east, the Rocky Mountains on the west, and the general direction 
of the Mackenzie River system usher the biannual migrations of 
many waterfowl through the Delta. The Delta serves aS a 
funneling point for movements of birds which breed along. the 
Arctic coast. These transients, plus the Delta Lesidents, win 
moving south to wintering grounds, spread east and west across 
much of the continent. The main direction of movement, however, 
as indicated by recoveries of birds banded in the Delta, Is 


through the Central and Mississippi Flyways (Table 13). 
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As mentioned by Soper (1951), the Delta is, as well, probably 
is most important northern river delta in terms of waterfowl 
production, providing both a complex variety of habitat types 
suitable for nesting, and a PoC ree season long enough to 
allow. for a high success tof first nest attempts plus successful 
renesting. With protection from early summer floods, potential 
exists for increased hatching success. Although such floods 
occurred in 1971, much of the Delta was unaffected and much of 
the hatching was completed before floodwaters peaked; therefore, 


success was high. 


One of the very important functions of the Delta in terms of the 
continental waterfowl resource is tc serve as a "retreat" in 
years.of drowght (Smith et al., 1964:251-52)2 When = such sdrought 
occurs, flocks of non-breeding pairs may reside on northern 
marshes; in years when conditions on the prairies improve, 
waterfowl are known to have a great capacity to recover in 


numbers. 


Although the phenomenon is difficult to assess, Tt? Si Se bel i key 
that as wetland conditions throughout the prairies have 
deteriorated over the years, 4 “greater ‘proportion ore the 
waterfowl population has moved further north to breed. In view 
of drainage activities and alternative demands for water in the 
south, Concears stores have recognized, as well, the growing 
necessity of preserving and improving northern wetlands for 
waterfowl. The Peace-Athabasca Delta, like other northern river 
deltas such as the Saskatchewan, Mackenzie, and Yukon, is a_ key 


waterfowl area in terms of existing contributions to waterfowl 
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numbers, potential for intensified management, and potential for 
Be emi uit knowledge towards the nature, significance, and 
management of such deltas. Also, the more northern marshes will 
have increasing recreational value aS accessibility improves and 
as the demand increases for more ‘rasa 1" environments 
(wilderness) away from urban areas. The assets include: the 
economic value of imminent tourism and hunting, the aesthetic 
value eto, bothys locals, peoples andevisitors, and the scientific 
value as a unigue area of study of a wide variety of wildlife, 


fish, and plant communities. These assets extend far beyond the 


Delta boundaries: the value of all migratory species us 
increasing and Wilde CONtinue, tom sincreasey throughout wthe 
continent. 


We can only speculate as to the exact effects that loss or 
continued serious alteration of the Delta would have on 
populations of migratory birds. Certainly there would be a 
substantial loss of recruitment--in the neighborhood of one half 
million ducks annually. There would also be an alteration of 
midsummer movements of molting ducks. But what of transient 
spring and fall populations? Swans, for example, are present in 
the Delta from breakup, in late April or early: May, until the 
endusot, May, #and-sfrom  late..August <until, freeze-up in late 
October. If the Delta were suddenly eliminated (i.e€., over a 
period of a few years), or if it no longer provided the habitat 
types required, what effect would this have on the migratory and 
reproductive success of these birds? Hopefully, we will never 


learn the answers through experience. 
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There is an obligation on the part of all Canadians to maintain 
the aesthetic unit of the Delta, in which waterfowl form part of 
its complex natural community, and which is of indeterminate 
value to the psychological wellbeing Ofemlids those: whorare, 0c 


who will become, aware of its existence. 
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SUMMARYS 341974 


1. The complex system of various wetland habitat types in the 
Delta makes it ideally suited to the needs of Staging, molting, 


and breeding waterfowl. 


2. Prior to construction of the Bennett Dam, occaSional summer 
floods maintained the early-successional-stage community types 
over much of the Delta, revitalizing it with a wide variety of 
wildlife species. However, such flooding also reduced waterfowl 
production by flooding out nests. On the other hand, a series of 
years of low water would reduce the amount of available 
Shoreline and nesting habitat. Therefore, although the Delta 
almost always provided good staging habitat in spring and fall, 


production was highly variable. 


Since 1968, the floods required to recharge perched basins have 
not occurred,and the amount of available shoreline and nesting 
habitat has been progressively reduced. Meanwhile, nesting 
Success has probably been greater than in the past. There comes 
a point, however, when increased success rates do not compensate 
for lost nesting habitat. At such a time it becomes necessary, 
from a management viewpoint, to re-establish the wetlands at the 


expense of a temporary decrease in production. 


ots inches gpvecwb the 1971 season progressed as_ follows: 
breakup - April 20; peak spring-staging populations - first week 
of May; nest initiation - April 15 to June 20 (peak - May 15 to 
June 7); hatching - May 15 to July 31 (peak- June 15 to July 8); 


Polo noeomOunee | MtOMAUGUStmlosvetallaestagiungu®-s August 157 .to 
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October 24. 


4. Water bodies in the Delta can be classified according to 
water-level relationships, as isolated,. restricted (Doge oO. 
these have been referred to as "restricted" in this report), and 
open. The average rate of water loss from 13 isolated basins in 


the Delta was 0.07 ft per week, between May 26 and October 24. 


5. Mean densities of spring-staging ducks on various shoreline 
types: ranged. from zero, to 225 per mile. Preferred shoreline 
types were immature fen and emergent. Delta population estimates 
were 432,500 ducks and 145,000 geese and swans. Lakes Claire, 
Mamawi, Athabasca, Baril, 236, Welstead, 66, 18, 94, and channel 


399 were major concentration areas. 


6.  Breeding-pair densities ranged from 0.2 to 18.4 per mile for 
dabblers. and. 0.0 to 8.7 per mile <form divers.) Preterredsiedqe 
types were meadow, emergent, tall shrub, and low Shrub, sLiuere 


were an estimated 162,700 breeding pairs of ducks in the Delta. 


7. Production-density estimates ranged from 0.0 to 55.2 per 
mile, the greatest densities occurring on meadow, tallies eshrub;, 
and emergent shorelines. Total production was estimated at 


610,800. 


8. Molting-duck density estimates ranged from zero to 30 per 
acre. Marginal emergents and central portions of open lakes were 
preferred by dabblers and divers respectively. A rough estimate 
of the nolting duck population was 5007000). Notable 


concentration areas included lakes along the southeast side of 
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Haken G@led reg(60 1,4 504758 305) 7aportions of the north end of Lake 
Claire (402), the Birch River Delta (345), lake 239, and much of 


Mamawi Lake. 


9. Fall-staging density estimates ranged from two to 1142 per 
milemtor dabbilers 7.0. 0Seto,0.20.per acre for diversjcand. zero to 
105 per mile for geese and swans. Preferred shoreline types were 
mud flat, emergent, and immature fen. The fall population was 
Sopinateds iat approximately) <1,200,000... ducks. anda9110,200 to 
165,800 geese and swans. Main concentration areas were the same 
as for molters, but included Welstead Lake and the south shore 


of Lake Athabasca. 


10. The optimum water-level regime, as indicated by the 
requirements of the four segments of the waterfowl population, 
would be one which provides for recharging of all perched basins 
every three to five years and which in interim years is 
maintained with only minor fluctuations about a base level. This 
regime is designed to maximize, on a long-term basis, the amount 
of available waterfowl habitat and waterfowl production. 
Uncertainties in establishment of such a regime include timing 


and magnitude of floods and the potential for their control. 


11. Depending on primary water-management measures, potential 
exists for secondary and tertiary control measures on groups of 
lakes or single lakes, with considerable improvement in 


production capacity being visualized. 


12. Numerous species of birds, mammals, and fish in the Delta 


bear direct and indirect ecological relationships to waterfowl. 
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Any water management plans shall take all species “~anto’ “account 
in an effort to maintain a diverse, balanced community of 
organisms of sustained aesthetic, scientific, and economic 


value. 


13. The waterfowl, which migrate through and breed within the 
Delta, are a past, present, and potential future asset to the 
economic and aesthetic well-being of Fort Chipewyans, Canadians, 
and Yorth Americans in general. The task of re-establishing and 
improving the dynamic, productive character “fof @"tie Skeace-— 


Athabasca Delta is a North American responsibility. 
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ADDENDUM 301977 20 INVESTIGATIONS 


Between May and October of 1971, a series of waterfowl surveys 
was conducted as part of an ecological assessment of the Peace- 
Avani ocammele ltd eset = ADDIE, 972, aereport of the findings on 
waterfowl was submitted to the Project Task Force, to _ be 
incorporated into a comprehensive report on the Delta. The water 
levels in the Delta in 1971 were low relative to the mean of the 
decade preceding the construction of the Bennett Dam. The 
waterfowl populations reflected the corresponding habitat 


conditions. 


In 1972 a large proportion of the Delta was reflooded through a 
fortuitous combination of water discharges in _ the Peace, 
Athabasca, and Birch Rivers. Waterfowl surveys were repeated to 
evaluate the effects of the habitat changes. This report 


provides the results of those surveys. 
METHODS 


For the most part, the 1972 waterfowl surveys followed the same 
routes as those conducted in 1971. However, the number of 
surveys was reduced: from five to two spring surveys (staging 
and breeding birds), from four to three brood surveys, and from 
five fall surveys to one. Molting-duck surveys were omitted in 


AST 26 


The water gauges established in 1971 were checked at one-to-two 


week intervals between May 3 or 16 and July 28, 1972. 
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GFNERAL ECOLOGICAL AND PHENOLOGICAL OBSERVATIONS 


WATERFOWL 


Breakup occurred a week to 10 days later si nwo ee cha tet oe 
however, the phenolcgical waterfowl pattern did not appear to 
differ significantly. The first aerial reconnaissance was made 
May 1. At that time mallards, pintails, shovelers, widgeon, 
green-winged teal, canvasback, goldeneye, bufflehead, snow 
geese, Canada geese, and swans were present in’ ~the “Deltae 
Franklin's quills, ring-billed gulls, killdeer, and “other 


shorebirds, and bald eagles had also returned. 


Most transient waterfowl had departed from the Delta by late 
May. The nest-initiation period of cbserved resident ducks 
ranged from mid-April to mid-June. Fifty-nine percent of 
observed successful dabbler broods and 37 percent of diver 
broods were hatched by June 30. Corresponding figures for 1971 
were 74 percent and 44 percent respectively. By July 15, oases 
these percentages had increased to 98 and 95 respectively. Brood 
data for mallards, shovelers, canvasbacks, goldeneye, tredheads, 
and buffleheads revealed two nest-initiation peaks, but samples 


were Small in some cases. 


As only one fall count was made in 1972, interpretations of the 
phenological pattern must be based on the period of 
observations, September 1-14. Residents of Fort Chipewyan 
reported, and our observations tended to substantiate the fact, 
that many of the resident waterfowl of the Delta had departed 


before September 1. During the period of observation, then, the 
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population gradually increased from that low level to a level 
estimated to be one-half to two-thirds of the expected transient 


population for that autumn. 


WATER LEVELS 


Several water level records, based on staff gauges established 
in 1971, were incomplete due to the relatively high water levels 
throughout the Delta in 1972 (overtopping the gauges). Levels in 
restricted- and open-drainage basins peaked briefly at mid-May 
andaenotablys saroundes J@ly- 7, the point. of inflection occurring 


Wune, ¢5 to 720'. 


EABITAT 


The relatively high water levels of 1972 produced some very 
Significant changes in amounts of the various shoreline or edge 
types. Our census routes were more or less the same in 1971 and 
1972; however, whereaS we surveyed waterfowl on 192 miles of 
open-drainage mud flat in the spring of 1971, there were only 
four milesmof such habitat om the same route. in 1972. Simtlarly, 
the amount of open-drainage immature fen changed from 114 to 
four mrlese Onetie orhnerunand,. the amount lof »*censused  open- 
drainage meadow and emergent edges aie netsca from 14 to" 295 


miles and 15 to 52 miles respectively (Table 14). 


According to preliminary computer calculations (Townsend, pers. 
comm.), there was a 60 percent reduction in shoreline available 
in perched basins on May 1, 1972 as compared to May 1, 1971 (a 


44 percent reduction in total shoreline miles). These figures 
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arempaseqion aMay “i waten tlevelsuof 684.5 cit and 689 2) £t-.ass sl. 


Ineo del wand alo] 2 imespectively-. 


RESULTS AND DISCUSSION 


SPRING STAGING 


It would be hazardous to make direct extrapolations of Delta 
populations from our sample counts; however, a comparison of 
density estimates for 1971 and 1972 shows quite clearly that 
numbers of staging dabbling ducks declined while divers 
increased (Table 14). While other factors such as continental 
populations, vagaries of weather patterns, and distribution of 
birds within the Delta may have had some influence, it was 
obvious that altered habitat conditions reflecting higher water 


levels had contributed to these density phenomena. 


In the 1971 report it was stated that: 
"the edge types preferred by dabblers were mud flat, 
meadow, immature fen, and emergent; the types 
preferred by divers were emergent, tall shrub, meadow, 
and Glomashi bes eres th CG pcra Lar ido snot foell-as, however, to 
what extent the waterfowl would concentrate on other 
shoreline types if the aforementioned were abpsent or 


limited." 


The 1972 data provide at least some clarification on this point. 
Proportionately, meadow and open-drainage emergent edge types 
received greater utilization by dabblers as amounts of mud flat 


and immature fen were reduced. Some of these apparent 


K76 


preferences are not so much a manifestation of the edge type as 
of the area through which the ducks traditionally migrate. 
Factors such as offshore water depth and food availability may 
be determinant. Thus, a RET NE of immature fen shoreline may 
have attracted numerous dabbling ducks in 1971. Due to higher 
water levels, this same section may have been classified as 
meadow in 1972. Although it appears that the overall waterfowl 
densities on the Delta were lower in RED, a preference was 
again exhibited for the shallow water (with its probable good 
food supply) along that section of shoreline. In the analysis it 
may appear that the birds were redistributed within the Delta, 
but this was not necessarily the case. These considerations also 
apply (perhaps most significantly) to geese and swans (Table 
15). Divers exhibited similar utilization patterns in both 


years. 


BREEDING WATERFOWL 


ee eee ee ae mee eee ee a ee cee 


The reductions in breeding-pair densities for dabblers in 1972 
relative to 1971 were not aS pronounced as the indicated 
declines in staging-bird numbers. The average decrease for all 
edge types was 36 percent, ranging from 6 percent to 56 percent. 
There Was! mo “evident” ipatternetot redistrrbution ome pairs; 
however, with the exception of mud flat (small sample), low 
shrub, vand tall rane reductions were greater for open-drainage 


systems than restricted-drainage systems (Table 16). 


Changes in densities of breeding divers ranged from -63 percent 


to +200 percent, with an average of +12 percent. However, the 
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bias of small samples (e.g., open-drainage immature fen) places 
ene reliability of ‘some of the figures in question. It is more 
probable, considering each of the density figures, that there 
was an overall deciine in pair densities of divers as well as 


dabblers. 


The question naturally arises, assuming the continental 
population remains reasonably constant, of where the breeding 
pairs go when the Delta habitat is not as attractive as it can 
be. When water conditions are good on the prairies, a larger- 
than-average proportion of the population can be stopped short 
of reaching the Delta. If conditions on the prairies in 1972 
were unchanged from or drier than in 1971 (as in fact they 
were), the implication would be that the breeders moved further 
north or into areas between the prairies and the Delta. 
Preliminary reports of the surveys by the U. S. Bureau of Sport 
Fisheries and Wildlife (stratum 15) confirm our observations 
regarding both breeding pairs and production. Apparently, there 
waS a pronounced increase in numbers of breeding pairs in 
stratum 14 which includes most of northern Alberta except the 
Delta and Slave River region. While the indices for breeding 
pairs of dabblers and divers increased throughout northern 
Alberta, northeastern British Columbia, Yukon, and the Northwest 
Territories, the production index for northern Alberta and the 


Northwest Territories was 50 percent below that of 1971. 
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PRODUCTION 


ee ee a ea ee 


Sample sizes were small or nil for several edge types in 1972. 
For those, estimates are provided (in parentheses, Table 17) 


relative to other edge types. 


There were two (or more) reasons for the reduction in brood 
densities as shown in Table 17. The more significant would be 
the reduction in breeding-pair densities as previously 
discussed. The second was the possible reduced success rate of 
those ducks which did breed. Ratios of broods-to-pair densities 
for each edge type in 1971 and 1972 are shown in Table 18. The 
mean ratio for both dabblers and divers was reduced sgt SE 
indicating a lower success rate. The most probable explanation 
appears to be the gradually increasing water levels (flooding of 
nesting habitat) during the nesting period. As noted earlier, 
water levels generally began to rise June 15 to 20 and peaked 


around July 7. 


Yo attempt was made to determine densities. Of) tal1—staging 
populations as was done in 1971. Rather, the results of the 
single census were interpreted relative to the five counts made 


in 1971 (Tables 19, 20). 


There was considerable change in amounts of the various 
shoreline types censused between 1971 and 1972 (Tables; 410719)- 
Fnergents had developed along what were previously classified as 


mezdow shorelines. Whereas 295 miles of cpen-drainage meadow 
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Table 18. 


a ee cee 


Habitat Type 


See 


Emergent 


Mud flat 


Immature fen 


Meadow 


Low shrub 


Tall shrub 


Deciduous 


Coniferous 


Rock 


Ratios Of 
divers, Peace-Athabasca Delta, (Oa l= 722 
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brood-to-pair densities, dabblers and 


ee ee ae ee 


ee ae ee ———s 


Dabblers Divers 

Drainage 1971 1972 1971 1972 
Restricted 0.6 Ol Veet 0.6 
Open 0.1 Oont az Ome 
Restricted Oren Onl 0.0 0.0 
Open 0.0 OO 0.0 (Oh) 
Restricted eee! On.0 Sel 0.0 
Open 0.4 O70 ste O=0 
Restricted 0.8 OM, 0.9 O23 
Open 0.1 Oe (Olsen 0.4 
Restricted O20 Onez 134 Oe 
Open 0.0 0.0 Grae, ge 
Restricted 0.4 Ones 0.9 Len 
Open 0.1 0.0 0.1 0.0 
Restricted OT Os, Zs 126 QO. 
Open Oa 0.0 eo Ocul 
Restricted 1.4 0.4 eu 0.6 
Open Oia 0.6 OFZ Ones 
Restricted Om0 O-.0 OG On0 
Open O20 0-0 0.0 0.0 
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Table 20. Waterfowl fall-staging census summary, Peace-Athabasca 
Delta, 19/i-72- 


ec ee ee ee ee ES ee ee ee Se 


Census Period Sample Size Dabblers Divers Geese Swans 
Shorelines: 
1974 
AUGQeg=9 384.6 106,945 669 434 0 
Aug.30-Sept. 4 384.6 Uo el cies 351905 7,340 8 
Sept. 16-18 ele iitets) Shs), 106) 4,772 6,174 a8 
SentasQsOct.3 374.8 1327026 Shs (WAL 6, 346 Sista 
OGt.a2=148 305.2 60,840 116 1€,149 11,481 
uo2 
Sept.6-14 S:Oslent 53,506 11,/792)) 16,073" 4 sas 
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* Shoreline for geese and swans = 563.2 miles. 
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shoreline had been surveyed in the spring, only 4.3 miles of 
such habitat weré surveyed in the fall. Again, it was not so 
much a matter of edge-type preference as location-preference 
(with previously mentioned frecences) that revealed 73 percent 


of the sampled waterfowl population on emergent shoreline. 


Following the pattern of spring-staging and breeding-pair 
populations, fall-staging dabbling ducks decreased Ui? 2 tOuL 
single census, while covering a greater total mileage than any 
of the 1971 surveys, revealed 12 percent fewer dabblers than the 
lowest of the 1971 counts. Meanwhile, divers increased by 147 
percent over the highest 1971 count (note, however, tha tee tiece 
were 115 more miles of shoreline counted in 1972). While it was 
not felt that we counted the peak populations of all species of 
geese, the single census revealed 4 percent more geese than the 
highest 1971 count (again, however, note the larger shoreline 
sample). Also, the impression was that the swans were counted 


before they reached their maximum population. 


Interpretation of the dabbler decline involves four (or more) 
Possipie sfactors. (lj a relatively low northern population, (2) 
less attractive staging habitat, (3) timing of the fall census 
relative to migratory movements, and (4) ae of a pronounced 
post-breeding movement toward the Delta by waterfowl south of 


and lateral to the Delta. 


The relative numbers of dabblers and geese may be at least 
partially explained by timing of the survey and by habitat 


conditions. Also, some sections of the north shore of Lake 
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Claire were surveyed for geese but not fOr waduckss GBhoriycrsve 
hundred snow geese were counted on one such section. Note that 
60 additional miles of shoreline were surveyed for geese and 


swans only. 
SUMMARY - 1972 


Although there were increases in some instances, the general 
effect of the higher water levels of 1972 relative, to #197 lumiwas 
to depress waterfowl utilization of the Peace-Athabasca Delta. 
The reductions (or increases) may be attributed to one or a 


combination of the following factors: 


1. A reduction in total available dry land edge, but especially 


a reduction of edge associated with perched basins. 


a, “h Sighiticantealtera- tous. relative amounts of the various 
edge types due to higher water levels and vegetational 
development since 1971. The juxtaposition of food plants, 
emergent cover, and suitable dry land edge was notably altered 


as well. 
3. Timing of the surveys relative to waterfowl migrations. 
4. Distribution of migratory and breeding waterfowl. 


5. Changes in -numbers of waterfowl, of the various species, 


available for the northward migration in all flyways. 


6. The effect of early summer flooding on waterfowl nesting 


success. 
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7. Relative availability reve suitable waterfowl habitat 
elsewhere: on the prairies, in the parklands, and in boreal 


areas south of, and lateral to, the Delta. 


While the relatively high Delta water level was at least 
partially instrumental in reducing waterfowl Upiiemapron,a it) did 
serve to recharge a large proportion of the perched basins, thus 
retarding hydrarch succession and providing for additional land- 
water edge for the next few years, if similar floods do not 


Tecur. 


K88 


REFERENCES CITED 


Bajkov, A. D. 1939. Athabasca Delta. Report of investigations. 
Ducks Unlimited (Canada), Winnipeg. 12 pp. 


Banko, We. E-, and R. H. Mackay. 1964. Our native swans. Pages 
155-164. In J. PP. Linduska (Editor) , Waterfowl 
tomorrow. U.S. Dept. of Interior, Washington, D.C. 


Beard, Elizabeth. 1953. The importance of beaver in waterfowl 
management at the Seney National Wildlife Refuge. J. 
Wrldls Momts2172398—436- 


Bennett, Re. M. 1971. Lake Athabasca water levels 1930-1970. 
Pages (32-562. Inee coc ms ache Peace-Athabasca Delta 
Symposium. Univ. of Alberta, Edmonton. 359 pp. 


Campbell, G. A. E. 1965. Athabasca Delta. Ducks Unlimited 
(Canada), Winnipeg. 16 pp. Typed. 


Charles, G. 1947a. Athabasca Delta. Ducks Unlimited (Canada), 
Winnipeg. 7 pp. Typed. 


Charles, G. 1947b. Quatre Fourches project. Ducks Unlimited 
(Canada), Winnipeg. 6 pp. Typed. 


Diem yaks. oyfeand sK.-> Hela o60 4 Bactors influencing waterfowl 
censuses in the parklands, Alberta, Canada. Jus Kula. 
Mgmt. 2429 13=1335-~ 


Dirschl,« Hal JDm 1:97.04 eEcolLogical evaluation of the Peace- 
Athabasca Delta. Can. Wildl. Serv. Ann. Progress Rept. 
1969-70. : 


Dirschl, HH. J. 1972. Evalnationsofethe ecological effects of 
recent low water levels in the Peace-Athabasca Delta. 
C.W.S. Occasional Paper No. 13. 28 pp. 


Fuller, W. A. 1951. Natural history and economic importance of 
the muskrat in the Peace-Athabasca Delta, Wood Buffalo 
National Park. Can. Wildl. Serv. Wildl. Mgmt. Bull. 
Sears) ul pe Oech ame. 


K89 


Hammond, M.9C.. 1958. Evaluation of artificial potholes and level 

ditches as refuge habitat development. Pages 355-368. 
In Minutes of regional conference, Region III. U.S. 
Fos) Sarde’ Wal dl eh server. Minneapolis, o'Minn. Unpubl. 
rept. 


Hochbaum, vHee Anan 195S5. stravelsiand traditions of Waterfowl: Univ: 
of Minnesota Press, Minneapolis. 


Kadlec, J. A. 1962. The effect of a drawdown on the ecology of a 
waterfowl impoundment. Ecology 43 (2) :267-281. 


Kellerhals, R. 1971. Factors controlling the level of tLake 
Reidbasca Pages: 5/=105 AN Proc, off the  .Peace- 
Athabasca Delta Symposium. Univ. of Alberta, Edmonton. 
She he IG eh ale 


acy, ec Meo SIR TAD titicvad !motholes and level ditch 


development as a means of increaSing waterfowl 
PLOCUGtION. UnpupieiM osc. Thesis.) Utah State Univ. 103 
Pp- 


Leopold, A. 1933. Wildlife management. Charles Scribner's Sons, 
New York. 481 pp. 


McCourt, K. 1970. Bison study on the Peace-Athabasca Delta. Can. 
Wild eserves 2 pp. Manco. 


Nabeinson, RewkKe, and GC. Fs Kaczynski. 1967. Factors influencing 
waterfowl counts on aerial surveys, 1961-66. U.S. Fish 
anager hatien B5CisV.0 SPEC. Ci. eReipt.. Wildl. No. 105.9778 


PE 


Newcomen, T., and A. D. Bajkov. 1939. Report on Athabasca Delta 
area. ~ Ducks)’ Unlimited §(Canadda), Winnipeg. 23 pp. 
Typed. 


Nremany cbse son lo fils Breeding biology and habitat relationships 
of mallard and canvasback in the Peace-Athabasca 
Deltas MeoCe Thesis. Univ. of Saskatchewan 78 pp. 


Nieman, D. J., and H. J. Dirschl. 1971. Waterfowl populations on 
EnemPeace-Athabpdsceae Delta, 196.99 wandiI7970. ~ Unpubl. 
PSpOre, Gdall-wWiI4 0. eoCLV. fesaska tOOU.. sSUIDD. 


K90 


Novakowski, N. S. 1967. Anticipated ecological effects of 
possible changes in water levels of the Peace River- 
Athabasca River Delta asa result of the damming of 
the Peace River. Can. Wildl. Serv. 20 pp. Mimeo. 


Raup, H. M. 1935. Botanical investigations in Wood Buffalo Park. 
Nat. Museum of Can., Biol. Ser. No. 20, Bull. No. 74. 


Rienelt, E. R., R. Kellerhals, Maureen A. MOlOt, We Ns. Schultz 
and W. E. Stevens (Ed. committee). 1971. Proc. of the 
Peace-Athabasca Delta Symposium. Univ. of Alberta, 
Edmonton. 359 pp. 


Ross, D. A. 1940. General report on the Athabasca Delta. Ducks 
Unlimited (Canada), Winnipeg. 7 pp- 


Rowinski, L. J. 1958. A review of waterfowl investigations and a 
comparison of aerial and ground censusing of waterfowl 
at Minto Flats, Alaska. Alaska Coop. Wildl. Res. Unit, 
Univ. of Alaska. P.R. Project, Alaska W-3-R. 112 pp. 


Smith, R. H., F. Dufresne, and H. A. Hansen. 1964. Northern 
watersheds and deltas. Pages 51-66. In J. P. Linduska 
(Editor), Waterfowl tomorrow. U.S. Dept. of Interior, 
Washington, D.C. 


Soper, J. D. 1933. A waterfowl reconnaissance of Wood Buffalo 
Park, Northwest Territories. Can. Wildl. Serv. Report. 


10 pp. 


Soper, dia D..£S0GN Water tom! and related investigations in the 
Peace-Athabasca Delta region of Alberta, 1949. Can. 
Wildl. Serv. Wildl. Mgmt. Bull. Ser. 2, No. 2. sys) gener 


Sowls, lke 6955. \Praltkuue ducks. The Stackpole Co., Harrisburg, 
Pennsylvania, and Wildl. Mgmt. Institute, Washington, 
De “Cee SSP pp. 


Sterling, R. T. 1966. Athabasca Delta. Ducks Unlimited (Canada), 
Winnipeg. 18 pp. Typed. 


Sterling (UR. (ls atlas Ree Deu bane 1967. Canada goose molt 
migrations to the Northwest Territories. N. Am. Wildl. 
Conf. a25355=375 3 


Stoudt, J. 


Surrendi, 


K91 


H. 1969. Relationships between waterfowl and water 
areas on the Redvers waterfowl study area. Pages 123- 
131. In Saskatoon Wetlands Seminar. Can. Wildl. Serv. 
Rept. Ser. No. 6. 


De Ge>-and GC. Jorgenson. 1971. Some aspects of muskrat 
Winter ecology on the Peace-Athabasca Delta. Can. 
Wildl. Serv. Rept. 113° pp. 


K92 


APPENDICES 


Appendix 1. Scientific names of animals mentioned in this 


report. 
Common Name (and Abbreviation) Scientific Name 
Se Seep ge OU a A ere 

Birds 
Red-necked (Holboell's) grebe Podiceps grisegena 
Horned grebe Podiceps auritus 
Pied-billed grebe Podilymbus podiceps 
Great blue heron Ardea herodias 
American bittern Botaurus lentiginosus 
Whistling swan Qlor columbianus 
Trumpeter swan Qlor buccinator 
Canada goose Branta canadensis 
White-fronted goose (W.F.) Anser albifrons 
Snow goose Chen caerulescens 
Ross' goose Chen rossii 
Mallard (Mal) Anas platyrhynchos 
Black duck Anas rubripes 
Gadwall (Gad) Anas strepera 
Pintail (Pin) Anas acuta 
Green-winged teal (GWT) Anas carolinensis 
Blue-winged teal (BWT) Anas discors 
American widgeon (Wid) Mareca americana 
Shoveler (Sho) Spatula clypeata 
Redhead (Red) Aythya americana 
Ring-necked duck (Ring) Aythya collaris 
Canvasback (Can) Aythya valisineria 
Greater scaup Aythya marila 
Lesser scaup (LScp,Scp) Aythya affinis 
Common goldeneye (GEye) Bucephala clangula 
Bufflehead (Buff) Bucephala albeola 
Ruddy duck (Rud) Oxyura jamaicensis 
White-winged scoter Melanitta deglandi 
Surf scoter Melanitta perspicillata 
Red-tailed hawk Buteo jamaicensis 
Golden eagle . Aguila chrysaetos 
Bald eagle Haliaeetus leucocephalus 
Marsh hawk Circus cyaneus 
Osprey Pandion haliaetus 
Peregrine falcon Falco peregrinus 
Sparrow hawk (kestrel) Falco sparverius 


(Continued on next page.) 


Appendix 1. Continued. 


Common Name (and Abbreviation) 


Sora rail 
American coot 


Killdeer 

Spotted sandpiper 
Greater yellowlegs 
Lesser yellowlegs 


California gull 
Ring-billed gull 
Black tern 


Snowy owl 
Belted kingfisher 


Common raven 
Common crow 


American robin 
Pine grosbeak 
Snow bunting 


Mammals 
River otter 
Shorttail weasel 
Mink 
Skunk 
Red fox 
Coyote 
Gray wolf 
Muskrat 
Beaver 
Moose 
Bison 


Fish 
Goldeye 
Northern pike 
Pickerel (walleye) 
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Scientific Name 


Porzana carolina 
Fulica americana 
Charadrius vociferus 
Actitis macularia 


ee ee ee Se ee ee we Sw ee ee se 
ee ee ee we we we me ae ae ee eee Ss Se 


Been ee ee oe Se —s 
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Se es ee ee ee SO ee ————s a 
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Megaceryle aicyon 


Corvus corax 
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Mustela vison 
Mephitis mephitis 


Canis lupus — 
Ondatra zibethica 
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Appendix 3. Brood observability adjustment factors. 


a a 
Edge Type Dabblers Divers 
Emergent ean Wey 
Mud flat oO 1.01 
Meadow Aigo: ols 
Low shrub Teel rst. 
Tall shrub 1.14 1.07 
Deciduous No Broods 

Coniferous 1.43 ths #1 
Rock No Broods 


Immature fen 120 1.05 
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Appendix 5. Fall-staging waterfowl counts, Peace-~Athabasca 
Del taj eats 
B. White-fronted geese: mid-September. 


Sample Total Geese 
Habitat Type Location Size (mi.) Geese Per Mile 


———————— an 


Emergent-O Mamawi (3) 2 
S.W.Claire (6) 
1 (5) 
S2 E.Claire(3) 1 
Athabasca (2) 
Athabasca (3,4) 1 
Totals & Mean 4 
Emergent-R Baril (2,3) 
209 
2071173) 
90 
Totals & Mean 2 
Mud flat-O Athabasca (1) 3 
Richardson L. 3 
60 1 
Totals & Mean 7 
Mud flat-R 18 (1) 
18 (2) 
336(3,4,5) 
Welstead (1) 
" (3) 
iv (4) 3 
Totals & Mean ZO 
Immature-O SUM S42, oS) ZO 
E. Claire(11) 15 
E. Claire(10) 4 
Prairie R. 3 
Mamawi (4) 13 
We. Claire (4) 7345 6 
S.E. Claire (4) 128 
Totals & Mean Bie 
Immature fen-R Baril(1) 2 
216 ‘ee 
305 3 
304 2 
501001) 11 
Welstead (1) oh 
T) (2) 1 
Totals & Mean 43 
Meadow-R 18:02) 8 
Be oie) "1 
301(2,4) 2 
Totals & Mean 18 
Low shrub-O Prairie R. ie) 
Tad eshraro=O Bucecnean. 4h) 
Mamawi Cr. & 
Totals & Mean 18 
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Appendix 5. Fall-staging waterfowl counts, Peace-Athabasca 
Delta, 1971 


C. Divers: mid-September. 


ee ee cee cee ae ee ee SS SE SS TS TT LT SL I LT 


Sample Total Divers 
Habitat Type Location Size (mi. ) Divers Per Acre 
Emergent-R 6, 736 niger BS 0.20 
Open water, open Mamawi 29, 069 183 Ores 
drainage lakes Richardson 15,488 21 0.001 
Bay 344 Tee e 1,834 Oheate 
Totals & Mean 51,862 L2eVoc 0.04 
Open water, open Prairie 118 36 0230 
drainage rivers Birch 371 ie 0.002 
Mamawi Cr. 59 35 0.09 
Totals & Mean 548 ie 0 ea BS: 
Open water-R Baril 16,954 135 0.01 
209 1,109 31 On02 
216 Siete = 0.00 
305 469 622 Tee 2 
304 2), ~ 0.00 
301 Jp eot 14 0.01 
Welstead 27189 20 0.01 


Totals & Mean 26,025 S22 0503 
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ABSTRACT 


A study of population dynamics of the muskrat on the Peace- 
Athabasca Delta was conducted from March, 1971, to March, 1972, 
with emphasis on the effects of present low water conditions of 


the Delta. 


Live-trapping and kill-trapping revealed that: the average 
number of muskrats per house was five; the average number of 
muskrats per bank run was three; the ratio of juveniles to adult 
females was 12.5:1; and the average litter size was six. Two 
fatters were produced on most of the Delta lakes; however, three 


well-defined litters appeared in some areas. 


Present muskrat numbers, as determined by aerial and ground 
survey, are low compared to previous years. The estimated 
population for fall, ogden woces 0) 000" animals." Fuskrat densities 
ranged from 0.1 to 11.4 muskrats per acre of emergent vegetation 
in subdivisions I and B. respectively. The estimated breeding 


population for 1972 was 17,000 muskrats. 


Low muskrat numbers on the Delta are attributed to low water 
levels. The most critical period is in winter when a shortage of 
water, restrictions of food accessibility, increased predation, 
and low temperatures place immediate stress on the muskrat 
population. Muskrat house activity, which) 2seeane-indication. “of 
winter survival of the species, was dependent on the total depth 
of ice and water. There was a definite trend toward increased 
activity in houses as total depth increased. In 1L9t1y ot Percent 


of all houses sampled were considered to be active compared to 


UteZ 


55 percent in 1972. Critical minimum depths required for optimum 
muskrat survival were determined to be 2.5 feet in 1971 and 2.0 
feet in 1972. At present, 70 percent of the Delta lakes do not 
fulfill these requirements. Approximately 45 percent of the 
muskrat population survived the winter of 1971-72. The shallower 
lakes were characterized by high mortality rates and numerous 


signs of predation. 


Muskrats on South Egg Lake utilized all emergent plants; 
however, Phragmites, Equisetum, and Typha were given highest 
preference. Production varied “trom 1.2 muskrats per acre in 
Scirpus) to (2.5 mUsktadts per acter Phragmites. Muskrats built 


houses wherever emergents were present; therefore, water depth 


was of utmost importance. 


The flooding of the Athabasca portion of the Delta Ars Ulva, 
1971, will benefit the muskrat population for the next two or 
three years. However, an increase in water depth willbe 


necessary for effective muskrat management. 
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INTRODUCTION 


The construction of the W.A.C. Bennett Dam in 1967 prompted a 
full-scale investigation Of =e the =Peace-Athabascal® Delta )*to 


determine the ecological effects of changes in water regime. 


The muskrat (Qndatra zibethicus spatulatus) is one of several 
Mammalian species on the Delta which depends on an adeduate 
water supply and a fluctuating water regime for breeding and 
year-round survival. Its prolific nature enables one to evaluate 
the short-term conseguences of reduced water levels. Moreover, 
muskrat fur in the past has contributed significantly to the 
livelihood of local trappers. Muskrat trapping once constituted 


the basis of the fur economy for the entire Delta area (Fuller 


anda las holy. st) jt. 


Historically, the muskrat population on the Peace-Athabasca 
Delta has been a dynamic one, characterized by a postulated ten- 
year cycle of abundance (Fuller, 1951). This eyclic variation 2s 
probably due to a number of biological sntu@ec ana tological 
factors: however, evidence gathered thus far indicates that low 
water levels have played an important role in regulating muskrat 


numbers (Bellrose and Brown, 1941). 


After spending two years on the Delta in the early 1930's, Soper 
(1942) stated that between 70,000 and 90,000 muskrat skins may 
te traded at Fort Chipewyan in a peak year; most of these were 
trapped on the Peace-Athabasca Delta. It VShe Otek OWle woe 
percentage of the muskrat population is removed from the Delta 


by trappers; however, it is safe to assume that the population 
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at that time must have been well over 100,000. 


Fuller (1951a) estimated a muskrat harvest of Or Omens) CG 
animals in the Wood Buffalo Park portion of the Delta during the 
1947-49 period. He mentioned: "At that time the population was 
recovering from a low in 1944-46 that coincided with low water 
levels. Willow and poplar seedlings were noted in 18 inches of 
standing water in one slough in the Delta that had presumably 
been dry during the low water years." (Fuller, AO Seen oc iie dammed 


Fuller and las kot oe | Ale. 


In -the - [past tthe periodic mecurrence Gf jnigh spring and summer 
water was responsible for recharging lakes and ponds and thus 
providing adequate habitat for muskrat breeding and winter 
survival. The hydrological regime was inconsistent from year to 
year. An occasional drawdown and subsequent replenishment by 
flooding ensured the production of a large area of marsh 


habitat. 


A critical time for muskrats is the period between freeze-up and 
breakup (Fuller, 1951:. Errington, 1963). While muskratces have 
little a@ifficulty surviving drought conditions in the summer 
(Bellrose and Low, 1943), limitations of range, food, and water, 
due to winter freeze-outs, or partial freeze-outs, may pose a 


direct threat to the population. Consequently, water depths are 


of utmost importance in sustaining muskrats over winter. 


Concurrent with the construction of the W.A.C. Bennett Dam and 
the filling of Williston Reservoir, water levels have been low 


in the last three years. The mean peak water level on Lake 


ee 


Athabasca has been two to three feet lower than the long-term 
average (Dirschl, 1971). Consequently, a number of perched 
basins which once provided suitable habitat are now shallow or 
dry. Experienced local trappers maintain that many of these dry 


areas once produced muskrats. 


In response to a growing concern for the altered Delta ecology, 
a study of population dynamics and related muskrat biology was 
conducted from March, 1971, to March, 1972. The main objectives 


were: 


(1) to estimate the muskrat population on the Peace-Athabasca 


Delta; 


(2) to determine the effect of changes in water level on 


muskrat populations; 


(3) to estimate the percentage of the muskrat population which 


over-winters successfully; 


(4) to determine a critical water depth for optimum muskrat 


survival; 


(5) to determine relative productivity in different habitat 


types; 


(6) to predict consequences of given water regimes on muskrat 


production; and 


(7) to devise a water management plan that would maximize 


muskrat production. 
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Four regions were selected as study areas OP fog) \roe 1 te Dut ee 
the field work was confined to four lakes which were considered 
to be representative of study areas "A", "BN", an deg. (Cal ees 
were South Egg, North Egg, East Twin, and West Twin. Lakes in 


study area "D" were surveyed only for water depth. 


South Egg Lake is located approximately 16 miles southeast of 
Fort Chipewyan on the southwest corner of the Chipewyan Reserve, 
in study “area “A™ (Fig. 2) During very high spring and summer 
flooding, the water level of the lake may be raised markedly by 
overflow of the Fletcher Channel, a branch of the Athabasca 
Piver. Bh stall creek running southwest from Goose Island Channel 
and entering the hake at the northwest end also carries water in 
spring. The latter is more important under normal spring 


flooding conditions. 


The lake itself covers approximately 1,700 acres, of which 615 
acres are emergent vegetation; the rest is open water. In 
contrast to most Delta lakes, South Egg is relatively deep and 


hosts a variety of plant species. 


Shoreline emergents are abundant, consisting mainly eotusceattalg 


(Typha latatolua)s, horsetail (Equisetum sp.), reed grass 
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(Phragmites communis), bulrush (Scirpus validus and Scirpus 


csp.), bur reed (Sparganium sp.), sweetflag (Acorus sp.), sedge 
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Fig. 2 Study area "A" showing lakes surveyed in fall and winter, 
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The shoreline is surrounded by willow (Salix sp.). Dense stands 
of emergent species occur between the shoreline and open water, 
except for 300 yards on the north end of the lake where willow 


and open water meet. 


The dominant submergents are pondweed (Potamogeton richardsonii 
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apa ePeeZOsterlLOrmisS) /andp water miliorl) (Myriophyllum »sp-) - 


Duckweeds (Lemna trisulca and L. minor) are common, while 
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area in the east bay. 


The emergent vegetation of South Fgg Lake can ke grouped into 
BouLniucin NCte ZOlcseOrenabitatet yocs rugs 3). Theslargest: zone, 
having the most complex associations of plant species, is the 
mixed eee Suand (FPigees). Lt ineludes:two,.or more of» the 
above-mentioned shoreline emergents growing hear one another. 
The mixed emergent stand extends as a broad band along the 
margins of the lake in the shallower portions of the littoral 


ZONE. 


Several ¢mall stands of almost pure Fquisetum constitute a 


second zone or habitat type (Fig. 3). Although Egquisetum is 
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abundant primarily in the mixed emergent stand and on raised 
portions of land adjacent to the lake, a few stands have become 
established separately near the old river channel. An occasional 
floating or rooted clump of Sparganium, Typha, or Phragmites may 


be interspersed with these otherwise homogeneous Equisetum 


stands. 


The third zone consists of three dense stands of pure Phragmites 


bogs 


located: .offshone=-along: the tolkdtriver channel® (Fig-* 3) Ay iew 
smaller Phraqmites stands exist in association with other marsh 
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species and are considered a part of the mixed emergent stand. 


A fourth zone consists of two large stands Of Scirpus, which 


cover the center of the: lakew on veither Side Fore thes olds river 


channel (Fig. 3). 


North Egg Lake is located in Wood Buffalo National Park, 
approximately 11 miles northwest of ROT. Chipewyan. It 
constitutes the entire region designated as study area "B" (Fig. 
uy). The water regime is relatively stable in Contrastyitor South 
Egg Lake. North Egg lies’ along’ the west! side™of Revillon Coupe 
and receives water “only during Spring). looding when themPeace 


Fiver spills overs its banks: 


The dominant emergent is Carex sp. which forms a  targe, 
extensive stand in the central and northern part of the lake. 
Shoreline emergents, mainly Carex and Eguisetum, are abundant 
Primarily @ on wena swese central and east shores, while the 
vegetation of the north and south shores is sparse and limited 
in distribution. Acorus and Sparqanium are scattered in small 


patches throughout the central portions of the lake. Myo neee els 


relatively rare. 


The Twir Lakes are located 16 miles southwest of Fort Chipewyan 
in study area "C"' (Big. 5). slike SOULI Egg DO late supplied by 
the Athabasca drainage system and Vares directly sattectci aan, 


annual spring flooding. 
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Fig.4 Study area “B" showing lake surveyed in fall and winter, I97I. 
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The shoreline vegetation of West Twin Lake consists mainly of 
Sparganium, Acorus, Carex, Typha, and Scirpus. Scirpus is 


dominant and most abundant offshore where it extends as two 


large bands along the length of the lake. 


The vegetation of East Twin Lake is similar. Scirpus is dominant 
and confined mostly to the central porticns of the lake. On the 
shoreline, Sparganium is most abundant followed by Typha and 


Fgquisetum. The principal submersed genera are Myriophyllum and 
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METHODS 


All live-trapping was confined to South Egg Lake. Although most 
of the trapping was done at houses, a few bank runs were also 
chosen as trapsites. The trapsites were numbered with metal tags 
and marked with colored flagging tape. The VocatvormoL eaeieo ute 
was then plotted on a map. Traps were Setydat ay paLelcular 
location for usually five days, OL until all muskrats had “been 


recaptured. Intensive live-trapping began on July INR SSI be 


Wire cage traps were baited with plants available at the site 
and set, usually as doubles. Wherever possible, traps were 
placed on or near the house. In areas where associated emergent 
vegetation could not support the weight of the traps, 2" x ot 
boards were used as floats on which one or peitgay eieciors: cereyitivel ist= 
fastened. A willew pole was inserted = tntord hole through a board 
and forced into the substrate in order to stabilize the floating 


traps. 


During the initial three weeks of the study, traps were checked 
and reset early each morning and late Gach afternoon. However, 
since daytime trapping success proved to be low, this method was 
discontinued. Subsequently, traps were set in late afternoon and 


checked early the following morning. 


Fach captured muskrat was placed in a wire mesh cone and a 
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numbered fingerling tag was attached to each ear. The muskrat 
was then weighed, using a 2000-gram spring balance, sexed by 
examination of the external genital area, and aged by pelt 
primeness. The tail was measured to the nearest 1/8 -Pnchoee ror 
all captures, sex, age, weight, tail length, ear tag numbers, 
site number, and date of capture, as well as any supplementary 


information, was recorded. 


In addition, houses were opened periodically to determine the 
approximate time when litters were born and the humber of 
UO et Sets produced in a) Single’ Seasons. Live-trapping was 
discontirued on September 21 when near-freezing nighttime 


temperatures caused an increase in juvenile mortality. 


During the period from November 18 to December CFeoit, “muskrats 
were kill-trapped out of five runs on Fast Twin Lake, five 
houses on West Twin Lake, and five houses on North Egg Lake. 
Funes were identified as a line of push-ups extending from the 
tank. Trapping of bank runs at East Twin Lake was accomplished 
by placing a trap in one of the push-ups of a run. On West Twin 
and North Egg Lake, single traps were placed wathin,» houses. 
Traps were left “at edch *sitesfor a minimum of four days after 


the last muskrat was captured. 


while the spring work was being conducted in 1972, a technician 
spent 10 days accompanying a local, tesident,. Danzvels Marcel, on 
his daily trapchecks at South Egg Lake. The prime objective was 
to recover tags from animals which had been live-trapped in the 


previous summer. Daily records were kept of the tagged and 
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untagged muskrats taken, the numbers of the ear tags, and the 


numbers of the houses from which each muskrat was trapped. 
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During Mectober,welgil,n.an detailedgesuvvey amor the muskrat 
population on the Delta was conducted from a Piper Super Cub 
aircraft. The muskrat population was estimated using Doziers' 


(1948) method of house counts. 


Areas intensively covered in the survey were the Birch River 
Delta the east) sidemoteiakere ale, enor eh of Mamawi Lake to the 
Fmbarras Piver, west of Fletcher Channel to the Embarras River, 
east. of iChenals “des! iOuatres eFourches Mitom -thesPeace River uanc 
Piviere des Rochers, the Chipewyan Indian Reserve, and along the 
east edge of Big Point Channel (Fig. 41))) sine Baril lake and 
Sweetgrass area north to the Peace River, and the tree line east 
of Lake Claire extending to the Embarras River, did not receive 


intensive coverage (Fig. 1). 


Parallel transects were flown approximately 600 feet apart and 
100 to 1&0 feet above ground at an average airspeed of 60 miles 
per hour. Occasionally, this method was modified depending on 
relief of the area, size and shape of the lake or slough, 
density of emergents, and the height of trees, if )present..) fo: 
example, a large lake with emergents confined to the shoreline 
could best he surveyed by cireling 1 teabove the shoreline. Where 
emergents were dense, lines were flown across the lake 


approximately 300 feet apart and 100 feet above ground. 
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A number of areas chosen randomly were censused a second time by 
helicopter to compare the effectiveness of both aircrafts. Areas 
surveyed were North Egg Lake, Frezie Lake, Big Lake, East Twin 
Lake, West Twin Lake, and those lakes designated by the authors 
as A-2, 2-2. R-i eR— 1 peW-2, and W-s (Figs. 2, 4, and 5). The 
methods employed with helicopter were similar to those using 
fixed-wing except that parallel transects, approximately 150 


feet apart and 60 feet above ground, were flown. 


GCround Reconnaissance 


= Soe ee ae oe ee ee a eee ee 


Prior to freeze-up, South Egg Lake was thoroughly searched by 
canoe. In "September, twov crews, -each consisting of two men, 
located active houses, marked and tagged them, and plotted their 


location on a map. 


To check the efficiency of aerial counts, the search for houses 
was continued by snowmobile after freeze-up (Oct. 25). The Twin 
Lakes, North Fgg Lake, South Egg Lake, and lakes W-1, W-2, W-3, 
R-11,° R-30, (R=341, and 8-32,owhich had. previously, been censused 
from fixed-wing, were surveyed on the ground. All houses and 
push-ups were checked by probing with a rat spear. If an open 
plunge hole was found, the site was considered to be Pneuse.) «af 
the plunge hole was frozen, it was regarded as inactive. The 
distinction between houses and push-ups and the function 
provided by these structures has been discussed in detail by 


Fuller (1951) - 
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In spring, 1971, three crews, “each ECNS1S Finds CO fe dames Wis). 
technician and a local resident, measured water and ice depths 
at muskrat houses and push-ups in study areas WA Bw and eee Cs 
(Fig. =|). sbachmes) te swas checked to determine whether it was 
active or inactive. A hole was drilled through the ice 
approximately 10 feet from the site, using a power auger. The 
depth of snow, ice, and ice plus water were determined to the 
nearest 0.05 feet! with a measuring tod Calibratedsin tenths Ora. 


foot. The bottom type (soft mud or frozen mud) was also noted. 


This procedure was repeated in November angeDecember, t9#dmeRUL 
active houses and runs were located on West Twin Lake, East Twin 
lake, Horseshoe Lake, North Egg lake, -and lakes® jW- 15 tomy 


inclusive, R-11, R-28, and R-30 to R-35 cHiedkoesming=) YOGake—s 4 2S!) c 


These same sites were revisited in March, 1972. Snow, 1ce,< and 
water depth measurements were again recorded. In addition, signs 


of food shortage and predation were noted. 


In both years, data obtained at houses were analyzed 
statistically to determines the effect of ice depth, water depth, 
and bottom type. The number of active and inactive houses within 
four depth classes (0.0 - 1,0. feets’ 1.4% —8 2.0) feet," etc.) and 
varying degrees of ice composition (50-59 percent; 60-69 
percent, etc.) were tabulated, such that differences between 
Classes could be tested using a Chi-square contingency test 
(Steel © and*) Torrie,” 1960)* = Data from push-ups were analyzed 


statistically in 1971, but not in 1972. 
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In fall, 1971, several lakes surveyed by helicopter were sampled 
for water depth to aid the assessment of the Delta's capability 
of over-wintering muskrats. The lakes sampled were South Egg, 
Frezie, North Egg, East Twin, West Twin, Horseshoe, W-1 to wW-12 
ANCAUSIVe, peA—l to sAst0i anclusive,  jR-1, and R-30. to R=-35 


MICwUCtVe mel iestUdyea Leas, eA. Bi et GN and @ 1D) (Figs. 72-5) 


The helicopter landed on each lake at three to five arbitrary 
points along a roughly linear transect. A gauge was lowered into 
the water and the depth was read. Depths were measured near the 


shoreline and in the center of the lake. 


HABITAT EVALUATION 
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VEGETATION COMPOSITION AND WATER DEPTH 
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The various habitat types were delineated on a transparent 
overlay of a 1971 aerial photograph of South Egg Lake (scale, 4" 
=1 mile). Area of each type (to the nearest acre) was measured 
with a grid square and rechecked with a planimeter. Shoreline 
distances, as defined by the presence or absence of dense 


emergent cover, were determined with a map measurer. 


Fandom depths were measured within each stand and along linear 
transects of the lake to determine the relationship between 


water depth and habitat type. 


In August, 1971, three transects were run by canoe across South 
Fgg Lake: one from the southeast shore (near the portage) to the 


shore of the west snye, one from the northeast to the northwest 
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shore, and another from the north central to the south central 
shore (Fig. 3). The canoe was headed toward a fixed pointeons tne 
opposite shore, and a compass was used to maintain a relatively 
straight course. Water depths were measured at approximately 15- 
yard intervals along each transect, beginning 10 feet from _ the 
shoreline. Where the line crossed a particular vegetative type, 
depth readings within that interval were noted. Emergent 


vegetation near the location of the depth reading was recorded. 


All depths were measured with a pole Cali-pra teds1n centhsgoied 
foot. Since the firmness of the lake bottom varied from very 
soft to hard, the pole was slowly lowered into the water until a 
Slight resistance to its*weight could be detected. Depths were 


read at this point. 


A Water Resources gauge, installed in the lake in early July, 
was read daily so that all depth measurements could be adjusted 


to a value at freeze-up. 


— Se we Se ed 


In an attempt to appraise the importance ofeach habitat’ type, a 
study concerning vegetation preferences for) food andmeNouse 


construction was carried out on South Fgg Lake. 


The relative abundance of emergent species at houses and runs 
was determined by measuring the linear distances occupied by 
each emergent species along a transect. Vegetation around houses 
was assessed by using a house as the center point of two 50-foot 


transects. The lines were run at right angles from north to 


L17 


south and east to west. The linear extent of..all emergent 
species and open water along the transect, and the number of 


intervals of open water, were recorded. 


Tinear transects of muskrat runs which ‘entered a shoreline of 
mixed emergents were also set up. A 50-foot length of tape was 
extended from the center of the mouth of an active muskrat run 


POomLtsS tertianus ‘at “the shoreline. 


All houses and runs sampled in each habitat type were chosen at 
random. Ali measurements were recorded to the nearest tenth of a 
Toot. The “abundance” of submerged species was assessed 


subjectively. 


The number of houses within each of the four major habitats was 
noted. A detailed subjective description of vegetation at or 
Reames houses, and the composition of construction materials, was 


also documented. 


Selected areas in” each of the °four major habitat types were 
live-trapped. Rectangular sample plots, 600 feet by 300 feet (or 
equivalent), were staked out from canoe in each of the Scirpus, 
Phragmites, and mixed emergent stands. A 300-foot by 150-foot 
plot was used in the smaller Equisetum stand. The borders of all 


study areas were delineated with willow poles and colored 


flagging tape. 


Twenty traps were set in each of the three large sample plots 
and rechecked for a period of five nights (100 trapnights). In 


the Equisetum study area, which was one-quarter the size of the 
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others, five traps per night were used (25 trapnights). Traps 
were set, usually as doubles, although the number at each site 
(two, four, or six) varied with the abundance of muskrat sign. 
Favored sites were houses, runs, and feeding platforms. Where 
muskrat activity appeared low, traps were placed in locations 


selected at random within the sample area. 


All habitat types were trapped in during the same time interval. 
Two samples were obtained for each study area, one during the 
August 16 - 20 period, and another during the September 16 - 21 


period. 


Importance of the shoreline was also assessed. The shoreline 
type chosen consisted of a mixture of emergent species ey endnna 
a minimum of 15 yards lakeward from the water's edge. A 300-yard 
segment was marked off along the southwest shore of the lake. 
Fifty traps were set as doubles at 10 - 15 yard intervals along 
the shoreline segment for two consecutive nights (100 
trapnights). Where possible, traps were set at the mouth of an 
active muskrat run. The number of runs within the sample area 


was noted. 


By 


POPULATION DEMOGRAPHY 


POPULATIONS ESD UMATE SOF “SAMBPUS 
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During the period July 4 to September 21, live-traps were set 
near 99 active houses on South Egg Lake. From these, 434 
muskrats were tagged and recaptured 406 times for a total of 840 
successful live-trapping attempts (roughly 3,000 trapnights). 
Fifty-six of the 99 houses were trapped out, producing 280 
muskrats or an average of 5.0 muskrats per house. Winter kill- 
ecappinds froma combined total, of 10 houses on West Twin and 
North Egaq Lakes yielded 51 animals, or 5.1 muskrats per house 


(faple 1). 


Theses srestlise supportes the: datalobtained by other researchers 
(roller, 1o5 1 Dcz1er,. 1949; Errington, 1962). Vensity and 
production undoubtedly vary from one lake to the next depending 
on the type and abundance of vegetation, availability of food 
and buitding, materials, size of hose, water depth, “and 
population tension. However, it is felt that a value of 5.0 


muskrats per house is a reliable figure for the entire Delta. 


Dave Westworth, who worked on North Egg take in the summer of 
1971, obtained a value cf 2.4 muskrats per house compared with 
the authors! winter estimate of 3.8 muskrats per house on the 
same lake (Table 1). Reduced mobility of muskrats after freeze- 


up might have increased the efficiency of kill-trapping. 


et ere ce eee ce ee ne a a ee Se a LS 


Cue OL G sung 
Sac 6L G Sesnog 
n°9 ce S SesnoHy 
oe BL S suny 
0°S O82 9S SOSNOH 
esnoy 13d uny ed peaanydes peddeay, suny SeqytsdeliL 
s}zerysnw S}eIYSOW szerysnwW Io sasnoy jo 
TOD ON TO mlON FO ON Jo °ON uOT}RIOT 


ee en a cee eS Se Soe eee oe a a ee ee ee ee 


Hutdder3z-TTtwy 
Hbutdder3-TTty 
Hbutdder4-TTty 
Hutddel3z-3aTT 


Hhutdder3-sattT 


poyryen 


*"soyeT PTE ANOJ uo sunA pue sesnoy uT S}zeTysnu FO TequUNN “L 9TIPL 


HHA YION 
uTML 3Seg 
UTAL 3S9M 
HDDqa yRNOS 


65a yznos 


yet 


EAI 


Production Per Bank Run 
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Fighteen muskrats were live-trapped from five active runs on 
South Egg Lake in the summer for an average of 3.6 muskratsS_ per 
run. This compares favorably with fall kill-trapping at East 
Twin Lake which yielded 16 animals or 3.2 muskrats per frun 
(Table 1). The figure for South Egg Lake is conservative, since 
two of the five runs were trapped (two traps per run) for a 


period of only three days. 


For the entire summer's trapping (July 4-September 21), the 
ratio of juveniles to adult females was 10.3:1; the pels hes We P¥aus 
juvenile males to juvenile females was 2.5:1; and the adult male 


to adult female ratio was 1.3:1 (Table 2). 


Trapping success for the month of July was generally low and 
probably not representative of the population, since many 
juveniles were observed inshore among Salix stands which were 


not intensively trapped. The data include muskrats from some 


houses which were not completely trapped out. 


During the August 2-September 21 period, after the second litter 
had become independent, an increase in live-capture success was 
evident (Table 3). For this period, the ratio of juveniles to 


adult females was 12.5:1. 


In the winter trapping period, 67 muskrats were captured: 51 
males, 10 females, and 6 unrecorded or of unknown sex. The 


overall ratio of males to females was 5.1:1. These muskrats were 


Table 2. 
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Total number of muskrats tagged at South Egg Lake, 


summer 1971. 
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Adults 
Juveniles 


Total 


Juveniles 


Juv. Male 


Adult Male 


Males Females Unknown TO) 
YU 34 7 85 
224 90 85 349 
268 124 42 434 


: Adult Female - 10.3:1 
JUV. Penale ==" 2.53 


: Adult Female - 1.3:1 


tab Ces. 


Adults 
Juveniles 


Total 


Juveniles 
Juv. Male 


Adult Male 
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Muskrats® tagged at) South © Bqgr Vake; ~ August..2 2 


september 21, 1971. 
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Males Females Unknown Total 
19 23 - 42 
197 63 24 207 
216 86 Za 329 


“wAQCVIitCe Fr enhaleu—-s 125521 
: Juv. Female - 3.1:1 


SACU LeREOMNAEC. ae tol. 2 


ee a me a ms a ee ee i eq rs re es ee ee ee 
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noveaqed: 


The preponderance of males captured can be attributed toa 
number of factors. Firstly, differences in behavior related to 
sex may be important. Adultemales sare generally more mobile than 
adult females and are therefore more susceptible to trapping. It 
seems likely that certain forms of behavior (such as curiosity 
and mobility) are more inherent in the male population. 
Secondly, females are confined to houses during the pre- and 
post-natal period. The one-month dependency pericd of each 
litter corresponded to a low incidence of captured females. 
Thirdly, there may actually be more males in the population. 
This would he advantageous to insure that a maximum number of 
females are fertilized. Other workers (Fuller, 1951; Stevens, 
1953; Frrington, 1962) have found high numbers of males in the 


muskrat populations they studied. 


Cbhservations of the muskrats on South Egg Lake provide evidence 
that two well-defined litters and in some cases a third litter 


were vroduced during the summer. 


Cn June 10, 11, and 12, several houseS were opened and five 
rests containing kits were located. All of the kits were 
estimated to be between 6 and 14 days old. This indicates that 
the birth of the first litter began during the last week of May, 
although most births probably took place in the first week of 
June. Since intensive live-trapping did not begin until July 17, 


the pericd of dependency of first litter young could not be 
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determined, put. Puttan (pers. comm.) estimated that .1t) was 30 
days. First litter juveniles became independent during the last 
week of June, at the earliest, and more commonly in the first 


week of July. 


The second litter appeared during the last week of June and 
first week of July. Houses opened on June 29, July 10, and July 
ie contained wots estumeted at TA-4, sand 21 days,.old.. second 
Poe TCEME tise £arst Peappecaledwingtraps carly yin the last week of 


July but were more common at the beginning of August. 


Sagns, of a. thard, litter were: scarce.. Parturition of..the third 
Petter was expected to take place ian the first or Second week of 
August. Fight houses were opened during early and middle August, 
Putmnr Omethird selittor syolinge were. found.«sFour..adult females 
captured at this time were examined for signs of abdominal 
swelling, vascularized mammae, and increased weight, but no 
signs of pregnancy were noted. However, on August 11, Mr. Daniel 
Marcel otserved an adult female which he said was pregnant = and 
Giose sto term. On  Septemoer 21, a male juvenile weighing 150 
grams was captured. The pelage of this animal was fluffy, dark, 
and dlacking in guard hairs. All trappers agreed that it was a 


third litter muskrat not much more than four weeks old. 


In the past, there has been widespread disagreement among 
experts concerning the number of litters produced in a single 
season. Fuller (1951) maintained that two major litters were 
born While the occurrence of a third. is unlikely, or,,at best, 


Sporadiceaeteos resuits sols, this estudy econcur). with.. Fulleris 
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hypothesis. 


In contrast, Westworth (pers. comm.) witnessed the appearance of 
three “well-defined. Qlatterst late Notch. Gumelake weeo Itt cuerces 
between Westworth's results and those obtained at South Egg Lake 
can be explained largely by habitat differences. South Eqg Lake 
flooded bvin } duly) = 1977 ewhito GaN ontin@iiag wake twasenc  aruwely 
unexposed to high water. Flooding atecritical periods -shase ech 
shown to inhibit muskrat production®(Bellrose and ilow,e1943). 
The fact that the variety and abundance of muskrat foods is less 
on North Egg than on South Egg seems to reinforce the importance 


of fluctuating water regimes. 


In this study; "figures. “fer* °litter” size Bare weba sede on live- 
trapping data “obtainéd”™ at “South"rgq Bakes ssince  theuyoungare 
adult female ratio was 1275217 "the mean number vot *jlvenilestepe: 
female’ “in “each**®litter “would? bem 6. 27 einettveroccups cigaue 1. 
opened during mid-June, the number of newborn young ranged from 


4“ to 8. The average was 5.8. 


Placental scars were not counted since very few female adults 
died during live-trapping. Only one carcass of a pregnant female 
was examined. It contained four embryos = tWo in each uterine 


HOE. 


An attempt to separate litters statistically by weight and tail 
length’ proved unsuccessful’ since vandatbions 1p Stile) Ole b2nGn, 
number of young produced by a single female, rate of growth of 
juveniles, and weight losses due to prolonged periods in the 


live-traps, caused varying degrees of overlap between litters. 
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Average litter sizes of the North Egg muskrats were 8.9, eaetg 
andes LOU Ste Second mands thand litters; respectively; the 
overall average was 7.0 (Westworth, pers. comm.). Results from 
both lakes support Fuller's (1951) estimate of 6 to 8 young fer 


PAt&Cer. 


While the number of young per litter and the number of litters 
was higher at North Egg Lake, the young to adult female ratio 
Gao sini lations both cases —-— 1255-1 at South Egg and 12.0: -at 
North Egg (Westworth, pers. comm.). fhis would indicate greater 
summer mortality at North Egg Lake. Westworth (pers. comm.) 
observed evidence of intraspecific strife among the muskrats of 
North Egg Lake, which included fighting, cannibalism, and 
competition for low guantity but high quality foods (Scirpus and 


= —— 


Sparganium). 


jee South Egg Lake, intraspecific strife was minimal. 
Occasionally, adults (especially males) were found with scars 
that had probably been inflicted during the previous breeding 
season. The production of a third litter on some Delta lakes, 
then, does not necessarily mean an increase in population number 


since over-crowding can be an inhibitory factor. 


=—— ee ee oe eee = ee (a -cs caben Seas i -eraes ane a oom 
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A total of 3,394 active muskrat houses were counted from fixed- 
Wing aircraft and an additional 200 houses were estimated in the 


Baril Lake and Sweetgrass areas. This resulted in a total house 
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count for the entire Delta of 3,594, which included 1,413 houses 
in Alberta, 1,204 on the Chipewyan Indian Reserve, and 977 in 


Wood Ruffalo National Park. 


The total ground count for North Egg Lake, West Twin Lake, East 
Twin Gake, and tlakes*W-1, “W-2,).W-3, °W=12 feRo 1 R30), R31, wand 
R-32 was (781 “houses "compared to 420. by) *f2xed-wing. The 
gGrouUndteir ‘convension Wiiactomewas = *tiererore Pes AOR ee panels 
(that is, approximately 50 percent of all muskrat lodges were 


located by “fixed-wing aircratt):: 


The projected estimate, on the basis of ground counts, would be 
3,600" x* 2 ortroughly 77 200ghousesei(e7o26pine Alberta, 2) BamOr 
the Chipewyan Reserve; and 1,954 in Wood Buffalo Park). Of the 
total number of sites sampled in the early winter, 12.5 percent 
were bank runs. Theoretically, this amounts to 1,030 bank runs 


on the Delta. 


Cn the basis of five muskrats per house and three muskratS per 
run,e) theo 1974) fallpemuskrat) popidationy on thasPeace A thabaeca 
Delta was approximately 40,000), (== 107000) comprising 915,240 
animals in Alberta, 13,070 on the Chipewyan Reserve, and 10,595 


in Wood Ruffalo Park. 


The lakes having the highest muskrat populations were North #gq, 
South Eqq, Big Lake, and Frezie Lake (Table 4). Muskrat numbers 
were greatest in the Chipewyan Reserve area (subdivision F; 
Rppendix I) and west to the Embarras River (subdivision *s); 
Tensities ranged “from )'001 “MuSkrats) per wedCcher sO energcne 


vegetation in subdivisions E and I to 11.4 muskratS per acre 
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Table 4. Number of active muskrat houses and bank runs (based 
on ground counts); and estimated muskrat population of 
representative Delta lakes, 1971. 


a ee ce ce re ee ee a ee ee a ee ee se ee 


Active Bank Estimated 
Lake Houses Runs Population 

Study Area A 
R-11 78 - 390 
R-3 1 33 = 165 
R-32 50 = 250 
F-33 74 - 37h0 
South Egg 429 Z 2145 
*Big Lake (and 

surrounding area) 4uy4 = PAE EAY 
*Frezie 276 - 1380 
Study Area B 

North Egg 450 4 2260 
Study Area C 

W-1 6 1 Sis 
W-2 e, = 75 
W-3 14 lz TOS 
W-12 1 = > 
West Twin 34 it 235 
Fast Twin 30 21 Pt Se 


a ee nc me ae ae aw 


*These lakes were surveyed only from the air. Figures are there- 
fore estimated on the basis of a ground : fixed-wing conversion 
Pawo, Of =25 11's 
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emergent vegetation in subdivision B (Table Dir 


Very, little "OTemmmnOeUskedtacctiVve Vy aWas observed on the larger 
lakes suck as Richardson, Mamawi, Baril, Otter, Hilda, and 
Welstead. All were very Shallow and had few, if any, emergents 


in water. 


— — = =e —_—— Sa Se = 


Although approximately 50 percent of the actual number of houses 
(based or ground counts) were located using fixed -wind'ral bebare, 
efficiency of aerial survey varied with the type Off tra bi tatty ere en 
lakes which hosted an abundance cf JScurpusi,.) fixed ow ig 


efficiency was, in many cases, 100 percent. However, if the area 
surveyed contained emergents in high density (@-9., Phragmites, 
Catex,i 6 Cs), Stele tency was sometimes very low. On North Egg 


lake, only 21 percent of the houses were observed irom the air. 


The dominant emergent species of this lake is Carex. 


hs “expected, aerial reconnaissance Dy helicopter proved to be 
more effective than that by fixed-wing aircraft. On the average, 
18 percent more houses were located by Helicoptersunadne byel cede 


wing (Takle €). 


The estimated fall population is based on a numker of important 


assumptions: 


(a) averages of five muskrats per house and three muskrats per 
bank “cin Sire “accurate @amidices sore tic entire Delta 


population. 
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Table 6. AGT 
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counts of muskrat houses on Peace-Athabasca Delta 
from fixed-wing aircraft and helicopter. 


a cc eee ee ee 


East Twin 
West Twin 
North Egg 
Frezie 

Big Lake area 


R=7 


Total 


Helicopter 


eee eS RS ee 


Fixed-wing 


678 


Percentage 


1S 0 


73.0 
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(b) all active muskrat houses on the lakes studied were located 


by cround reconnaissance after freeze-up. 


(c) a ground-to-air conversion factor of two iS an accurate 


estimate of fixed-wing efficiency. 


(d) those lakes surveyed on the ground were representative 
habitats of the entire Delta (that is, the distribution and 
Guantity of emergent vegetation in these lakes was typical 


of the whole Delta). 


(ce) in late fall and early winter, when ground surveys’ were 


conducted, the muskrat population was at its peak. 


Accurate survey methods are a basic requisite for estimating 
populations of any animal species. Aerial survey is advantageous 
kecause a large area can be covered in a short period of time. 
FOWeVEL, several factors present problems which must _ be 


compensated for. 


Firstly, a means of distinguishing "live," or active houses, 
from "dead," or inactive houses, was necessary (Dozier, 1948). 
In general, there was no accurate method of assessing house 
activity from fixed-wing aircraft. However, activity could be 
determined from heliccpter if the machine was propelled at low 
elevatiors and low airspeeds. The presence or absence of freshly 
cut vegetation on the house was used aS a ecriterion for 


determining whether muskrats were using the house. 


Secondly, the size of the lodge was important. Size was found to 


vary with the type of vegetation in which the house was found. 
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For example, Phragmites and Scirpus stems are bulkier than those 


— eee a ee ae ee a —_— 


Or, Calexee HOUSE= constructed "Of sei Epusvare correspondingly 


larger and easier to see from fixed-wing ~aircnaft “than Sdare 


houses of Carex. 


Thirdly, houses built in the ‘willows, and bank) tuns or dens 
which were hidden by over-lying vegetation, were Often aril iculr 
to see. This was usually the case in heavily flooded areas where 
tall shrubland was partially submerged and, t{heretore, | couverved 


to suitable muskrat habitat. 


Fourthly, while topographical and vegetational features can 
markedly affect the accuracy of population estimates, 
variability among observers is also important. Consequently, all 
aerial surveys in fixed-wing aircraft were dones by? AlssUsonkieal 
surveys in helicopter by Ambrock. One Variables: tatig Uemotmetn— 
CbserveL, (could NOS controlled. In the morning, when the 
observer was well-rested, the accuracy of aerial house counts 


was probably greater than that in the afternoon. 


For the above reasons, it is © telt= Chat H#0,000 “animals “soe a 
conservative estimate of the muskrat population in the Peace- 


Athabasca Delta. 


Fvidence for a 10-year cycle of muskrat abundance has been 
provided by Elton and Nicholson (1902-ecitedminshud ler, 19 Sal) ee 
Fuller, in agreement with this hypothesis, postulated a peak in 
1950. A low should have occurred in 1955; another peak in 1960; 
a low in 1965; and a peak in 1970. While the cycle may not 


follow as rigid a time span as indicated here, it is thought 
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that the tuskrat population Studied in®19/1i was in "a "stage or 
@ecline. According to records) compiled by the Hudson's Bay 
Company and the Alberta Game Office in Fort Chipewyan, the 
HWowest muskrat harvest for the 1960-1970" period was 31,532 skins 
in 1962-1963. The harvest figure is much lower than the actual 
Populationstigure.: ThesnumbensolL™ furs: traded yearly fate “Fort 
Chipewyan does not necessarily reflect population trends, since 
harvest conceivably varies with the number of trappers actively 
trapping. However, the banVestmmerqune ] fone iG2= 1968s 
important; tt indicatessthat the total population ‘estimate of 
w#0,000 -animals iS lew compared to recent times. Therefore, at 
seems that the muskrat population in 1971 approached one of its 


all-time lows. 


WN DER MORTALITY FACTORS 


hmeeMarch; 1971, data were ‘obtained «from 1,048 sample sites 
Compeysing 319 houses and 729 push-ups. Thirty-seven percent “of 
#he houges and 29 percent of the push-ups were considered 
active. During November and December, 1971, 823 active muskrat 
houses were sampled on the lakes mentioned. In March, Toh 6On 
of these were rechecked and 51 percent were still active. House 
activity ranged from 21. pereent on Lake W-2 to &3 percent on 


Lake R-35 (Table 7). 


The higher percentage of houses active in 1972 (compared to 
Vor th) Ma Ghtmebewattoubuted sto ssnowfall. Ing? 2,"there was much 
more snow and, consequently, less ice than in 1971. As a result, 


the occurrence of freeze-outs was not as frequent as in the 
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Table 7. Percentage of active houses on Delta lakes in March, 


Loa Ze 
in anreaeaiee “Number of | «Number of —— Percent 
Lake Sample Size Active Houses Inactive Houses Active 
North Egg 144 o> 89 oS 
Sout hrEgg dé 48 | we 62 
East Twin 24 18 € is 
West Twin Cbs) 2 10 71 
Horseshoe 8 5 3 G2 
hae 4 4 2 2 50 
W927 14 3] at 2a 
Wy 8 4 4 50 
eae ae 4; 2 5 29 
Wermuns 6 3 3) 50 
w= 10 16 8 & 50 
We => lal 4 3 1 ahs 
Ce ee 16 2) 11 31 
Reef 141 54 23 3) 43 
gees els 29 20 9 68 
he 0 ye 15 4 Pe 
ra 3 BY. 12 20 Sel, 
Ke roe a YES. 26 49 
| Coe 42 oe ee 50 
Bem iS) 4 1 80 
Ee ao 6 5 1 83 


Totals 601 306 paths! Av.= 51 


sie 


previous year. 


Weather Factors 


The overflow at South Egg Lake demonstrates the effect OF 
environmental extremes. After freeze-up (early November), heavy 
cnow fell and soon melted. The added weight caused water seepage 
upward over the surface of thin ice; thus many small houses 
became partially submerged. Several houses were broken apart at 
this time as a direct result of the overflow. Subsequently, when 
the water froze, the damage increased. By spring (137.2 )3 ao Foor 
429 houses tagged in the previous fall had disintegrated. Where 
a house once existed, only a few construction materials remained 
frozen in the ice. Some large houses virtually disappeared as a 
result of the overflow. This situation was not observed on _ the 
other lakes studied since the active houses on these lakes were 


tagged after the thawing and refreezing had occurred. 


Snow Depth and Ice Thickness 


In 1971, there was a Significant linear correlation between snow 
deptheiand ace.thickness: (T= —0.52, p< 0.01). Average snow and 
ice depths at houses having water were Of8G feet and: 2.36 feet, 
respectively. In the following year, mean values Of 2 el Gees eet 
Prdueiecmerect ye cespectively, for “snow: and ice depth were 


oktained. 


In 1972, a general relationship was again observed between snow 
depth and ice thickness, although this was not tested 


statistically. In shallower lakes, at least, snow depth was 
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found to be of some importance in maintaining water at houses. 
Where snow exceeded two feet, water did not freeze completely to 
the bottom - even in depths as shallow as 1.1 feet. If there was 
less than one foot of snow, ice attained thicknesses of up to 


three feet. 


Eriect of Total Depth ons HousesActivi ty 


The “mean “total depth ofvacel and: water ateactive® houses im both 
years was 1.8 feet. The mean total depth at active push-ups in 


LOT V wasii28 feet. 


There was a definite trend toward increased activity in houses 
as total depth increased (Rig. 6). slim 1o7 te the critvcale hen fun 
depth required for optimum muskrat survival was calculated to be 
2.5 teet. In 1972. statistical analysis forwuatae GON ou ce 


revealed that: 


(1) The percentage of active houses is dependent on total depth 


Of Water andmicesin fall (xes0 S20) 


(2) If the toteld depth of water and icesiswless thans2.0aicer, 
percentage activity is Significantly Yess). thane pitemdepths 
greater than 220 feet ah(X<),ee) Dem Use Onl) umn Sn The tea Cte 
difference was also found at the 1;0utooct level. ethate ic, 
house activity at depthsm@sore 0. Ue tOmml. Ulmerecta aka. 
Significantly less than ethatetound se) niet cen) Ogee eee 210 mee COT 
Gange » ((x2,> wp ade0 0 l)se Bbhis Poelatiuonsha pealsosexistedew nen 
comparing depths ofpdatit= «2. O0stectiwand 2.1 ae 913-008 (xe 


0205). There -awas jno Significant 7 udit ference seins jnouse 


AVAOe  jUadsdd 
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activity between ther2.1)-— 70. OW andy Soho USO Hoot.’ ranges, 
Vidi catiiiemt idtaemee Use ecetm Ps, ether critical, level. Of 48 
randomly selected lakes sampled for water depth in fall, 
19717 approximately 670." percent had" depths © below ‘this 


calculated Crityvcal vevel. 


Ieee lotrom typo s(sctleor trozen mud) shad no Significant. erfectr 


on house activity (x2, p 0.05). 
Fffect of Ice Depth on House Activity 


The ice-water ratio at houses did not have a significant effect 
pnmarctivitys (x29 )0 0.09) 4 "Or “the: sample of “119"%active houses ‘at 
Which wholes were drilled through’ the icein 1971," percent ‘had 
no detectable water--only frozen mud at the drill site. 
Occasionally a muskrat runway was struck with the drill bit and 
found to be completely dry. In the spring of 1972, 44 percent of 


all active houses had no detectable water (n=306). 


While ice depth did not significantly differ between active and 
Fhactive houses, this does not indicate Ht was “not” ‘important. 
Where water is frozen to the botton, availability of food is 
Gectracted. This) can be overcome to a certain extent by the 
animals kurrowing down into the mud to feed on roots of emergent 
Plante (Prringtone 9 1964~- ehurner, 1970). "Li ethere tis an abundance 
of emergent species nearby, muskrats can Survive in the absence 
OL Water "without™ a great’ deal tof Sstress “placed son) ther 
(Errington, 1963). In -many areas, however, habitat conditions 
were poor; and it is felt that many muskrats were undergoing a 


critical period of stress even though a great number of houses 
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were still active where the water was frozen to the, bottom. 


eS ee a ed 


Signs of predation were common. Primary predators were mink and 
coyote; however, instances of predation by foxes, wolves, and 
otter were also recorded. A few houses were trampled and 


destroyed by wandering bison. 


Predation appeared to be related, in part, to the depth of the 
lake. Shallow lakes, which were frozen completely to the bottom, 
were< subjectesito: fa hig hrapdeguecamrot predation. Thus was 
particularly) trueltfot, Nomthm agg Takens) Sl gns woh predationgon 
deeper lakes, such as South Egg and Horseshoe, were notably 


fewer. 


™n lakes frozen to the bottom, movement becomes so restricted 
that means of escape are severely threatened. Furthermore, 
muskrats endangered by freeze-outsS may burrow out ‘of sthersE 
lodges and move onto the surface of sethe » ice, smaking Seuhom 
susceptible prey to foxes and coyotes Achapeabere enim apekecchy hla Mayr 


1951; Gashwiler, 1948). 


SS 


Of 66 animals trapped at South Egg Lake in March pelo 42 py ORLY we 
had been marked in the previous summer, ever though jabs ARES: 
trapping was confined to areas that hade bechasteavilyesl1ve— 
trapped. Before spring work was started, local residents had 
already begur trapping the lake, and many of the muskrats in the 


study areas had been harvested. Also, early winter overflow had 
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destroyed or frozen a great number of the fall trapsites, which 
forced auskrats sto. move to other, areas. Six of, the 12 tagged 
ati mais» pad yatraveled. distances , ranging from, 315 feet :to 1.2 
miles. All of these moved in toward the shoreline sometime after 
the second week of September. Mr. Daniel . Marcel (pers. comm.) 
felt> that a good portion of the muskrat population of South :Egg 
Lake hadabegin to inhabit the banks. However, taq. returns are 


ansufricient to strongly support (his idea. 


From 21 #4xhousss, ah t average, 406 ))3.2,, muskEats per .house was 
harvested. Traps were removed before all animals were captured. 
This procedure is normally followed by local trappers, since 
they feel it a necessity to ensure adequate spring reproduction. 
MeanDaniel Manmcel (pers. sccomm.)j felt that there. was usually one 
muskrat. lett in eachyof the houses he strapped. Therefore, the 


actual number of muskrats per house was approximately four. 


—— ee ea eae ae —— — —— 


House activity is recognized as one of the more accurate means 
of estimating muskrat populations over a large area (Dozier, 
1°48); therefore, the percentage of active houses in the spring 
Powereqarcedsas an Andicetion OL Winter Survival of the Species. 
Theoretically, since 55 percent of the houses sampled in 1972 
were active, survival should also be 55 percent. However, this 
figure requires adjustment since mortaiity due to predation, 
freezing, old age, and possibly intraspecific strife, occurred 


ateachiveshouses.hOnethe.~basis of + spring tag,returns,. four out 


o£ Eave muskrats in active houses survived the winter 
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successfully; therefore, iwintenssunvival is calculat cd tompe sett 
percent. Using “this approach, muskrat survival 1s eslown tole 
highly dependent on the total depth of ice and water (Table 8). 
The» estimated breeding population without Sspring® trapping for 
Kpril, 1972 fis "17'700 02277 0 00a te Wad Sie eee eer Ue Ceeeeeeey 
that survival of bank muskrats is the same as that of house 
muskratis.)“Ity “shoud'd! Palsom®be © noted "*that © 4 Spercent oeean 


approximated value for several reasons: 


(a) Some muskrats can move successfully from frozen houses to 
banks*or “to 7 other) houses: Generally, muskrat movement 
during’ the» winter Vis minimal onsmost ofethe peltawiakes 
becatise (thesen lakes* axe #¥sta Llow (= (less etharer twoertcet) = 
Fxceptions “*might "be" “South ® "gg slake, FPrezie lakeebadiar 
Lake, and Horseshoe Lake, where water is not completely 
frozen “to “the® "bottom. = There “are” *indicatvonsethar some 
muskrat movements on South Egg Lake were extensive. 
Nevertheless, muskrats are generally believed to have small 


home ranges (Errington, 1963). 


(b) Local trappers have cited examples of muskrats seeking 
refuge from freeze-outs by digging out of their houses and 
constructing temporary dens on the ice under the snow. The 
extentato whichethis-cectrsevs Snow ecnCwn,ee0U ee ceecould 


affect the lsurvival eesti nate. 


(Cc) Intraspecific strife ‘prior ~to the breeding season {at or 
before breakup) can contribute®to “added» spring” “mortality 


(Errington, 1963). ""Prield® work ewaseuGconpleccdmecectay cal 
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Table 8.) “EStimated spring*’and winter survival of Delta> muskrats 
AtMeVaryingmeawater deptns.s'Gontidence limits are at’ 95 
percent level. 


ec a a ee ee a a a a a a SE ES — ee 


Depth Class (feet) Sample Size Percentage Survival 
Olio) 196 2 0G tm. UG 
ts ere he) 176 SG Ret 5087 
2. V3. 0 149 Dake ett 2. 0S 
yer OO 30 Gali Rec 
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before the breeding season began. The frequency of fighting 
among males is directly associated with the population 
density, and in years where muskrat numbers are VOW, os tes 
considereds to bes unimportant, a( Fuller meni) )e-eesol  Commeunc 
populations studied? in) 19/4) andi) 1972 were) iow Ss aduile 


mortality during breeding was considered to be minimal. 


Accurate harvest estimates were difficult to obtain since a_ few 
local trappers shipped their pelts out for auction. Fur records 
from the Alberta Fish and Wildlife Division in Fort Chipewyan 
and Wood Ruffalo National Park headquarters in Fort Smith 
indicate that 14,260 furs were sold) to) gboth @ithc me Hudson "So geray 
Company “and fase private = itur @idealer “iineerone Chipewyan. This 
included 1,750 furs from Wood Buffalo National Park and tal2esoL0 
from the Alberta portion and Chipewyan Peserve combined. In 
addition, approximately 4,000 muskrat skins were shipped to 
Fdmonton or Regina for fur auction. The total number of pelts 


taken for the 1971 - 1972 period was about 18,500. 


Monthly fur records from the Alberta Fish and Wildi1tCanivasciond 
indicate that approximately 30 percent or 5,550 muskrats were 
trapped prior to the end of March, 1972. These have already been 
included in the winter mortality estimate for 1971 - 1972. The 
remaining 13,000 pelts were spring-trapped. Therefore, the 
acttlall bmeedingepopulatvor seomesprind; oso ne luda ng spring 
trapping), is between 4,000 and 9,000 animals, shelolahelseslyils) oecsts ce 
mortality due to trapping was also an important factor reducing 


muskrat numbers over the winter. 
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Tiel se Interesting ws tOmenOtcemtinate thetilarvest value for Wood 


Hictalomvationa eralk (Ge yo0Rpe! ts) 1s much less, "thang wny the 


previous year (77 9.06) and greatly reduced from 1965-66 


(144,907). 
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EFFECTS OFeSUMMER@ELOOD 


During mid-July (1971), the Delta, especially the Athabasca 
portion, experienced the most extensive flooding since the 
construction of the W.A.C. Bennett Dam. While flood waters were 
not aS high as/those of the 1930%<, ma number of perched basins 
which had previously become dry, or nearly dry, were replenished 


by the overflow of major Delta rivers. 


Water levels on South Egg Lake rose abruptly, beginning July 15 
and reached a peak by July 22. At the end of the July 15 - Pas 
interval, the water had risen in excess of four feet. After this 
peak, lake waters declined to a new level by August 13, 
resulting in the addition of 1.5 feet of water to the lake (Fig. 


yee 


Short-Term Effects 


—— SS Se 


The rapid influx of water exerted immediate pressure on the 
South Egg Lake muskrat population. Clumps of emergent vegetation 
(Phragmites, Acorus, Sparganium, and fypha), intolerant of 


extreme changes, became uprooted, floating masses. Shorter 


emergents, such as Equisetum, were completely covered by water. 


Several muskrat lodges rose with the water and in a short time 
disintegrated to become floating piles of vegetation. Other 
lodges were torn apart or blown into the shoreline by strong 
wind and wave action. Bank runs and bank dens were all but 


eliminated. 


A noticeable shift of the muskrat population toward the 


“1261 ‘|[Ds pub sawwns u! 2x40 663 YyINogS UO |8Aa| 4OJDM U! sUOlyDNJoN|y LZ ‘BIS 


daLVQG 


t—_‘190 —————__+—__ ‘1d 3S —_+*__ LSn nv —_—_}+——————_ Aner ——_1+——- nn r ———4 
24 Bt 8 Be Bt 8 6c 6L 6 Oe 0% OL O¢€ eK Ot 


0°689 


-0'069 


0'169 


o'269 


O'€69 


O'vV69 


(13354) NOILWAS13 


@o/ te eee weemen! : 


; a dead jerome | 
ql « 


- 
javoea 4 ehat c 
j 


<> 


| - G. Ae nea iP 7 
} a 4 ry iePreny we 
¢ ; 
: : 4") ; i 
} > * 
; i j A? if ‘- 6 if 
' } 
é 
hpe « a } by} 
¢ 
? 
; a > J) 
ws. 
\ ; 
ee 
[ 
. 1 ¢ oak 7 4 >) 
5 oe re me are ~ aa 
gern : pe 91 F 
; 
\ * aa pred oe 
. ee | jcc Oe ol 2s @ 
' | ' : 
, i sec 8 CF qe isi4 se ht kid Ne sh 
7 7 a _ ve — 
{ ? a ore ; ah 
at) a h cs a | 7 e & & Oe oud! 
: —s a 
| LGat seg 
J 


L47 


immediate shoreline was observed. First-litter juveniles (in 
particular) sought refuge among the willows on the periphery of 
the lake. The stress placed on young second-litter kits probably 
Gaused eureater smortadil tyethaneauhat ound, in thettirst litter 29a 
floating muskrat house opened July 16 contained two second- 
litter kits still dependent on maternal care. The house had 


apparently been abandoned by the female. 


fivemsituation did not seriously increase population tension. 
There were few signs of intraspecific strife, probably because 


the shoreline still afforded an abundance of muskrat food. 


the process of flooding and corresponding release of emergents 
from the substrate has probably been typical of South Egg Lake's 
history. Much of the marsh vegetation can exist in a healthy 
SoniiGiom On floating mats (Sharp, 1951; cited in Townsend, 
SIs tae HOWEVEL, like the ponds of the Cumberland marsh 
(Townsend, 1965), there appears to be a general trend toward a 
gradual decrease in the quantity of marsh vegetation. Emergents, 
such as Scirpus and Phragmites, are slowly being thinned out in 


Hhewcentral portions of the Jake which were once heavily 


colonized in drought years. 


Tice cCcht ey | Oodinoemecould be benetricial for the next three or 
fours years. The recharging of lakes will increase winter 
accessibility of emergents, such as Scirpus and Typha, which 


override the already extensive grass-sedge-willow communities as 


important muskrat food. Muskrat numbers are expected to increase 
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in the fall of 1972 and 1973. However, a freak flooding similar 
to the one which occurred in 1971 cannot be expected to sustain 
high muskrat populations indefinitely. Muskrats depend on 
periodic flooding to refill marshes. If this does not occur 


therpehabitat wirlllicontinue to idan ssi 


L49 


UAE eel VANE Aue ON 
Vegetation Composition and Water Depth 


Pigs chapitatedey oss Olam Olclieust GG amlakens wercer) Characterized .aby 
mitt crenCeswm a pe tolerancem Of water depth (Table 9) The depths 
shewn are those adjusted to October 24, one day before South Egg 
Bakes froze hd enough thespanges “overlap, «SCicpus., exhabited = a 
definite preference for deeper water while Phragmites was most 
prevalent voffshore and) along the old river channel. + Both 
Fquisetum and the emergent species composing the mixed stand 


were confined to the shallower waters of the littoral zene (Fig. 


is 


MRemUpper limits ce tolerance (Table 9) indicate that most 
established emergents, which are prime muskrat OOd eco ulLd 
Simuive ineiwater tas deep as 92.5 feet, Bhis® 1S extremely 
mnportent ssincessmUskLats appear to Jack (foresight in their 
Selection of locations for building houses. Houses may he 
Gonstructed «in water depths ranging from one inch tc greater 
Pham foun feet, as tong a= there is 9a plentitul vegetation 
supply nearby. eQnISORIe EEL, houses are often built where food 
supply is adequate but water depth is inadequate for year-round 


Survival. 


Linear measurements of vegetation were obtained at 14 houses and 
1 muskrat run (Table 10). The percentages of abundance of 


emergent species are calculated separately from measurements 
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Table 9. Relationship of water depth and habitat type on); South 
90 bane, ove 


ec ee a ee ee re ee FS ee YE EE RS a ee ee ee eee 


Habitat Type Area (acres) Sample Size Range (ft.) Mean 
Mixed emergents 24) 167 One see ee ol, 
Phragmites sp. 4 100 9 Sd Face 
Scirpus Sp. 222 82 Zed ad eG 3°.9 


Egquisetum sp. 24 24 ici: emcana eet) 2G 


a ca 
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within each stand. 


With few exceptions, houses were constructed of the available 
plant material at the site and all marsh species were utilized. 
Fowever, muskrats showed a preference for Phragmites, Typha, 
Scirpus, and Equisetum. Submersed species (Potamogeton and 


———— _—— ee ee ——_—— a 


Myriophyllum) were utilized to a moderate degree. 


There were 429 active lodges on South Egg Lake at freeze-up. 
Densities (muskrats per acre of emergent vegetation) showed the 


following situation: Phragmites was the most important habitat 


(density 12.5), followed by Equisetum (7.5), mixed )emergents 


(3.5), ‘and Scirpus) “(i Sslablem1). Densiticsewerescal ciliated 


uSing a value of 5.0 muskrats per house. 


The overall use of the four habitat types, derived from sample 
live-trapping within each stand, is different from the above 
production estimates (Table 12). In the summer sample (August 16 
- 20), Phragmites had the highest use index followed by the 
mixed emergent stand, Equisetum, and Scirpus. Differences 


(SS See a a 


In the fall (September 16 - 21), Phragmites remained about’ the 
same while the mixed emergent stand increased to equal 
importance. Muskrat use of Scirpus increased considerably from 


Summer to Pad, surpassing Equisetum, which remained 


Se ee 


comparatively low (Table 12). 


The indices of habitat use were determined by assigning a value 


of 1.0 to the stand in which the least number of muskrats were 
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Table 11. Number of muskrats per acre habitat type on South Egg 
Lake, summer, 1971. 


Number of 


Habitat Type Area (acres) Houses Houses/Acre Muskrat/Acre 
Eguisetum 24 35 iho) Ths) 
perrpus 222 74 Oo 15 
Phragmites 41 102 2a Ue Aeris) 


er a rr ce ce a ee 
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Table 12. Comparative use of four habitat types by muskrats on 


South Egg Lake, summer, 1971. 


cee ee er re a a a ee ag ee eT TT LT 


Rug Oe Aug. 20 


—— 


a TT 


Number 
Number of ef Rats Index 
Habitat Type Trapnights Trapped of Use 
Equisetum 25 4 (16)* 1.1 
Scirpus 100 15 1.0 
Phragmites 100 36 2.4 
Mixed emergents 100 29 129 


Number 
of Rats Index 
Trapped of Use 


pce a a a pe a ae a re re a 


6a (24) pee ae 


44 128 
56 Aves 
54 2.3 


ee ee ee 


*The values recorded in brackets for Egquisetum are the actual 


a 


number of muskrats captured multiplied by four since the number 


habitat types. 


of the other 
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trapped. The sum total of muskrats captured in each of the other 
types of stands was then divided by this ‘number. The data 


includes both first-capture and recaptured muskrats. 


The indices of habitat use differ somewhat from the findings of 
other investigators (Errington, TS Ces Bellrose, 1950) « 
Phragmites is not recognized as a highly preferred muskrat food. 
Fowever, heavy “mining," which was prevalent within pure 
Phragmites stands on South EqguLake /ULs*rndicative® that 1tl* nay 
re an important nutritive material. Bellrose (1950) found that 
Phragmites was one of the least sought-after marsh plants by 
uskrats in the ponds of the Illinois River Valley. The most 
important ones were Typha, Scirpus, and Polygonum. These are 
also regarded aS prime muskrat food by Errington (1941) and 
morvtcores( (Coys ponethis stuay, d1tterences in Locd preference are 
Partially explained by availability and access. Since Phragmites 


is the dominant emergent of South Egg Lake and since muskrats 


are very versatile feeders, the results are not surprising. 


Scirpus ranked low, probably because of its location in deeper 
water where very few houses were observed. Unless there is 
population “tension, “muSskrats”’ generally® © do »not = seek > out food 
Which tiles outside Mor their home “range =(Errangton;,’ 1963). 
Tnstead, they usually choose plants which are near their lodges 
even though these emergents may not have the highest nutritive 


value. 


Rlthough Equisetum contained large numbers of muskrat houses 


(Verses CE ee tnelctemtol yet s Low OVerdil Leuitilizatiom relative to 
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other emergents might -be attributed to sampling error. The 
smaller-sized sample plot used to obtain an index of use for 
Equisetum and the time the sample was run (September 16 - al), 


probably did not allow a statistical detection of the late fall 


increase in Fgquisetum use. 


— ee wee we ee 


Essentially two basic shoreline types were distinguishable on 
South Eqg Lake. The shoreline characterized by the presence of 
emergents next to the willows (the willows, here, Signifying the 
true shoreline) was-6.9 miles; while, 059 miles of shoreline had 
very few or no emergents. There were three bank runs per 300 


yards of emergent shoreline. 


While Phragmites was singly the most utilized emergent on South 
Fgg Lake, the value of the mixed shoreline species in summer 
should not be underestimated. Assuming that three muskrat runs 
rer 300 yards of shoreline and three animals per run are 
accurate indices of the peripheral use of South Egg Lake, there 
would te 17.6 runs and approximately 55 muskrats per mile of 
shoreline emergents. Theoretically, this amounts to 380 muskrats 
along the entire length of emergent shoreline. Cn the basis of 
house counts (429 houses and 5.0 muskrats per house), a minimum 
estimate of the muskrat population of South Egg Lake in the fall 
was) 2,185/)animals., Therefore, sthes,proporfacn pote. thege total 
population’«utilazing, they Shorelanerdcuricge tine time that* live- 
trapping samples were obtained was approximately 20 percent. It 
is assumed, here, that there were no bank dens since high water 


all tut eliminated these structures. 
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Yo statistical information is supplied on quantitative food 
selection and consumption by the muskrats of South Fgg Lake; 
however, one of the authors spent several hours in_ the late 
afternoons of summer and fall observing muskrats feeding. 


Versatility in food-getting appeared to be a regular phenomenon. 


On two successive nights, four muskrats were seen returning to 


their houses in the Phragmites stand from adjacent stands of 


—_—_—— — — = 


a —— ——— 


returned revealed an abundance of feeding sigr. Freshly cut 
Scirpus and Equisetum stems were present in areas which had no 


houses. 


Cn September 70, an adult muskrat (sex undetermined) was 
observed returning from a pure stand of Scirpus to its house on 
the shoreline, approximately 80-90 yards away. The muskrat was 
carrying a short stem of Scirpus, which it partially consumed 
upon arrival at the house. Shortly afterward, the muskrat again 
left the house and swam to a small, floating clump of Typha _ 10 


yards away. Here it began feeding on lower portaons off Type 


stems. 


During the trapping in habitat types, a number of feeding 
stations were observed in the Scirpus and mixed emergent sample 
areas. In some instances the nearest house was 200 tc 300 yards 
away, indicating that muskrats had traveled considerable 


distances to feed. 


Signs of feeding on all major emergent species of South Egg Lake 


—=- ——S So — ee ee ee — aS EE 
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were noted; however, freshly cut Typha and OCLEPUS# = cel omWelec 


most frequently observed. 


Fabitat choice cannot be evaluated accurately without 
consideration of all biological, physical, and climatological 
factors. The reasons for differential selection of vegetation as 
food and housebuilding material can be only partially explained 
by preference. Other factors, including water reaqime, seasonal 
variation in climate, and their effect on muskrat behaviom, scare 


important, and have been considered in previous sections: 


toy, 


MANAGEMENT POTENTIAL 


If one of the prime objectives of a management scheme for the 
Peace-Athabasca Delta is to maximize muskrat production, then 
man-controlled methods of habitat improvement will be necessary. 
It is evident that improvements could be made on the water-level 
regimes over that which occurred in recent years. If the use of 
dams, dikes, ditches, 6r pumps 1s ‘determined’ “to” be feasible, 
both economically and from an engineering standpoint, a number 


of important measures could be implemented. 


Ideally, a semi-stable water regime would offer optimum 
conditions for muskrat management. By semi-stable, it is implied 
that adeauate water levels would be maintained for a period of 5 
to 10 years, followed by a drawdown year to ensure that suitable 
acreages OL emergent vegetation are regenerated. Because 
seedlings of emergent species such as Scirpus, fypha, Acorus, 
and Sparganium require exposed mud flats to germinate, the 
drawdown would have to be extreme. This would mean a severe 
reduction of the muskrat population in the low water year. In 
the following year, the marsh would be reflooded and muskrat 
numbers would presumably increase. In most lakes, an absolute 
minimum of 2.0 to 2.5 feet of water (except in the drawdown 
year) would be required to adequately sustain the muskrat 


population over winter. 


Trapping can help maintain a healthy muskrat population. An 
adequate harvest will help minimize intraspecific competition 


thereby providing favorable breeding densities and more habitat 
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for~ rearing young... -Regulamlby Shauvesved, areas will therefore 
produce high muskrat populations, year atter year. Heavy 
trapping would: also) be vheiptul ain thinning out the muskrat 


population in the spring preceding the drawdown. 


It may be advisable to concentrate on specified areas on the 
Delta. The major portiony .Ofeeathe gamusktat populat longa is 
concentrated on the Chipewyan Indian Reserve (subdivision F) and 
immediately west of the Feserve (subdivision 8B). some of the 
Jakes of these regions are characterized by dense, emergent 
shoreline cover consisting of favored muskrat food (Zypha, 
Scirpus, etc.). However, most lakes are, or are in thes process 
of becoming, shallow mud flats composed predominantly of 
grasses, sedge, Equisetum, and Phragmites. An increase in basin 
depth would considerably increase Carrying capacity by providing 
winter access to shoreline plants and increasing shoreline 
length. in addi ti10n, a eWn Ouse cm ame. of the Reserve are deep 


enough to ensure that ae vsuitabic POntiOm -Of eho siltsk ee. 


Topulation will survive a drawdown year. 


13 
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SUMMARY AND CONCLUSTONS 


A one-year study of the muskrat on the Peace-Athabasca 
Delta was conducted from March, 1971, to March, 19/2. The 
primary objective of the study was to determine the effect 
ofelowswaterilLevelse on ithe = population’ =dynanics of the 


species. 


South Fgg Lake, the major study area, was live-trapped 
intensively in the summer. The young to adult female ratio 
Wasenle eo ceceeC ner ratwo OL juvenile males to juvenile females 
was 2.5:1; and the adult male to adult female ratio was 


1.3:1. The average litter size was 6.2. 


Two litters were produced on South Egg Lake in contrast to 


three litters which were reported on North Egg lake. 


Summer live-trapping and early winter kill-trapping yielded 
an average of five muskrats per house and three muskrats 


per run. 


House counts by ground and aerial reconnaissance indicated 
that the feet, Uy, muskrat population numbered 
approximately 40,000 animals: 15,340 in the Alberta 
portion, 13,070 on the Chipewyan Reserve, and Oe oe dl 
wood Buffalo National Park. Highest concentrations were in 


the Reserve area. 


Fall muskrat densities ranged from 0.1 muskrats per acre of 
emergent vegetation, in subdivision I, to 11.4 muskrats per 


acre of emergent vegetation in subdivision B. 


aale 


R23 


V3 
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The most productive habitat in the summer on South Egg Lake 
was Phragmites (12.5 muskrats/acre) followed by Equisetum 


(7.5 muskrats/acre). In terms of overall use, Phragmites 


was the most important, followed by the mixed emergent 


eS Se ee Se —— 


The mixed emergent stand and Scirpus were Uta Zz Cae TO aa 


greater degree in the fall. 
Virtually all marsh plant species were eaten by muskrats. 


Selection of habitat for house building was probably 


influenced more by vegetation density than water depth. 


South Egg Lake was flooded in July, 1971. The ~ short-term 
effects of high water were harmful to the muskrat 
population; however, the long-term effects are expected to 


be: benetacial: 


Tn the sprang: ofdOs0s, sompencent. = the houses sampled on 
the Delta were considered to be active. In the spring of 


1972, 55 percent were active. 


There was a definite relationship between house activity 
and total water depth. The critical Fpaminine depth for 
survival was calculated to be 2.5 feet in 1971 and 2.0 feet 
in 1972. The percentage of active houses increased as total 


depth increased. 


The estimated winter survival of muskrats in 1971-72 was 


approximately 45 percent. 


16. 


Las 


18. 


19% 
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The potential breeding population for 1972 was 17,000 - 
22,000 animals, of which more than 50 percent were removed 
by local trappers. The actual breeding population for 1972 


is between 4,000 and 9,000 animals. 


Ghersetaldy) 197.1,, muskrat population reached one of its all- 
time lows. This is attributed to the recent low-water 


levels of the Delta. 


Seventy-one percent of the lakes sampled did not have 


adequate water depths for optimum muskrat survival. 


Spring predation was generally greater on the shallower 


lakes than on the deeper lakes. 


The present low-water conditions of the Peace-Athabasca 
Delta necessitate man-controlled measures if the muskrat 
population is to be expected to reach its previous high 


numbers. 
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INTRODUCTION 


As a result of low water levels on the Peace-Athabasca Delta, 
coincident with initial impoundment behind W.A.C. Bennett Dam in 
1967, concern was expressed about the effects on bison of the 
Peuca ethics Study (was. initiated to, “determine: numbers and 
distribution of bison on the Delta, natality and mortality, food 
habits, habitat requirements, and the carrying capacity of the 
range, and to assess the effect of different water regimes on 


the above parameters. 


Wood bison (Bison bison athabascae) have always been part of the 
biota of the Athabasca-Peace-Slave River area. Reports of the 
early explorers (Wuetherick, Vol.) iii Appendices) indicate that 
woods bason, were found» throughout /the .area in much smaller 
numbers than are present today. Wood Buffalo National Park was 
established in 1923 to prevent a slaughter similar to the one 
Which occtirred on the plains. At that time Graham (1923; cited 
in Fuller, 1966) estimated the park population at 1,500. In the 
Mid=1970's,.6,¢/3 plains bison (Bison bison bison) were released 
along the Slave River a few miles above Fitzgerald (Fig. 1).- 
During the winter of 1925-26 about 400 bison crossed the Peace 
Piver and invaded the Quatre Fourches and Sweetgrass sections of 
the Delta. The Park was enlarged to its present size of 17,300 
square miles to include these regions. Plains bison breed freely 


with the wood bison, and a hybrid population now inhabits the 


Delta. 


The study area was restricted to bison range south of the Peace 
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River and east of Peace Point; that is, that area bounded by 
French Lake and the Birch River Delta on the west, Includingeatue 
south shore of Lake Claire, and extending east as fare easeetne 
Embarras and Rochers Rivers (Fig. 1). Although the Lake One 
region is outside the Delta, bison south of the Peace move into 
and out of it. Therefore, it was included in the study. Dirschl 


(1970) gives a detailed description of the Delta area. 


ae 


Adams Landing 


Buffalo: 


aH 


Re 


ig Slou 
ig se 


Ji 


we 


b) 
a 
tI 
BES 
(>? 


fos. 


\ 2 


£ ay 
i e SP 
7 eee 
a - 


PE 
Rapids {= A Sc 


—™S 


m 
I) Dv 


ackfish River \ ‘ 
JP A RIK 


Pa 


Bison 


My 


ee 
BEC A. 


Tap mas 


nge (shaded area) 


Natione 
= 


, a : 
ed _ Rez ' 


~, 


ra 


ZN 


. 


aE 


© Embarras 


a ) 
in relation to Wood 
Uy, 


Y Lo 


} S eo _ lq 
i ps 

b ee oe A 
aa are 
Hay Camp : (3 
Sy ,) - = 
eo 
= ‘= B 

im : S| 
y) &* oh 
853 g ; ay 

of of 


p—o-—) 


METHODS 


Becauseu wood eburtalomNatlonalsParkssupports athe velargest yyiree= 
ranging population of bison in North America, there has been 
continued interest in their numbers. Data on bison in the Park 
have been collected intermittently during the past 50 years 
(Raup, VSS Sieyolskeys 1941; Fuller; 195077 1966; Roe, 19°51 
Novakowski, 1957, (9otaumeebseMcGourr,. WO s Kuyt,.19/1) 2 this 
study was limited to one year, and I have drawn heavily upon 
both published and unpublished reports to provide information on 


population growth rates, food habits, and other aspects. 


Various methods of estimating the bison population have been 
attempted. The ground census was one of the earliest (Raup, 
1930). Most ground counts were done along trails in the forest 
and animals had to be recorded before they disappeared into the 
trees (Fuller, 1966). Aerial surveys are more accurate but have 
limitations because bison in wooded areas are difficult to see. 
Several investigators found that herds stampeded if an airplane 
fetillown LoweLeitinanie,000" sfeetss | therp sa sucveysm@iwene, tdone .tat 
higher altitudes (Fuller, 1950, 1966; Novakowski, 1957; McCourt, 
a7 Oe Uy t; 1971). Winter counts were considered to be more 
accurate than summer ones because of the contrast in color 
between animals and snow, and because trails and feeding areas 
could be spotted more easily in snow (Soper, 1941). Transects 
were used until Novakowski (1961a) compared results from 
transect and total count methods and found 2,000 more animals on 
the Delta using the total count system than he had estimated 


frommetGansectsem supsecquentiy, sonly the total count method has 


been used (McCourt, (970s KRuytjer oy) 


For this study, counts were done in July, September, and 
December, 1971, and March, 1972. Summer and fall counts employed 
a Piper Super Cub. For winter counts we used a Cessna 180. All 


curveys were done at an altitude of 800 feet above ground level. 


We consider the March survey to be the most accurate one because 
it sampled some areas not usually flown (e.g., between French 
Take and Lake One; Lake One and Sweetgrass), because the 
sighting conditions were excellent, and because bison were out 


in the open during warm weather. 


Adult:calf ratios were determined using an aerial photography 
technique (McCourt, 1970). During July, 1971, we photographed 
several herds using Hasselblad cameras mounted in a Pifer 
Apache. Calves were reddish and were distinguished from adults 


by color differences. 


Mortality was estimated from information supplied by residents 
of Fort Chipewyan, known deaths, and by comparison of population 


estimates. 


Carrying capacity of the Delta was assessed by examining 
utilization of plants by bison after winter and before new 


growth obscured the old. 


POPULATION 


Soper §(1924-citedsan Fuller, 1966) was the first person to 
estimate the bison population in Wood Buffalo National Park 
after the plains bison had become established. He concluded that 
MOO 00mto, 12,000) 0150n were present. In 1949 the Park population 


voaceectimated wate %2,000 to+15,0008(rudder, ASG G)r 


The earliest estimate of the Delta population was by 
extrapolation from a Park survey done by Novakowski (1957) 
(Table 1). Iwenty-five percent of the area was covered and _ the 
count was multiplied by four to get TG. Oss a Ene et liom 7 aelic 


population was estimated at 8,050 (Novakowski, 1961a). 


The average Summer count in 1970 was 5,307 non-calves. By adding 
bis calf estimate, McCourt determined that J-B00 to a, 900 emo iscon 
used the Delta as summer range (Table 1). Surveys were continued 
during winter 1970-71 (Kuyt, 1971) and a maximum number of 8, 744 


animals were seen (Table 1). 


Tine UY , od eet ie COUN LCC im, 7 22 non-calves on the Delta and 
estimated that with 17 percent calves, 9,500. to, 10,000 bison 
occupied the Delta summer range. Further counts in fall and 
winter, 1971-72, indicate that approximately 9,500 bison now 


tmhabi teat hesbDelta s(1able™ 1)": 


Although the data are fragmentary, it appears that the number of 
tison on the Delta increased to a level of about 8,000 and 
remained fairly stable around that tigure until winter, (eis ote 


that time, there was an abrupt increase of approximately 1,000 
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Table Wie Aerial counts of bison on the Peace-Athabasca Delta. 


Date 


ee eee 


1934 

1949 
Feb-Mar/1957 
Feb-Mar/1957 
February/1961 
February/ 1961 
June.220749900 
June 27/1970 
July 2/1970 
July 67 b970 
SAL Vem) G0 
JULY 22/1970 
July 28/1970 
August 5/1970 
August 12/1970 
August, 22/1970 
December 8/1970 
January e20/197% 
February 3/1971 
February 18/1971 
March 4/1971 
March iz5/419 7a 
ULV aO/ a! 
September/s1971 
December/1971 
March/1972 


Investigator 


Soper (1941) 
Fuller (1950) 
Novakowski (1957) 
Novakowski (1957) 
Novakowski (1961) 
Novakowski (1961) 


McCourt 
McCourt 
McCourt 
McCourt 
McCourt 
McCourt 
McCourt 
McCourt 
McCourt 
McCourt 


(1970) 
(1970) 
(1970) 
(1970) 
(1970) 
(1970) 
(1970) 
(1970) 
(1970) 
(19,70) 


Kuyt (1971) 
Kuyt (1971) 
Kuyt (1971) 
Karyta, 19) 
Kuyt (1971) 
Kuyt (1971) 


Allison 
Allison 
Allison 
Allison 


woe 


(ioe) 
(1971) 
(1971) 
Gi 72) 


ee eee eee ee 


10,000 
12,000 
12,000 
Hf yOL0 
6, 800 
3,050 
4,0372 
5 00D 
STD oe 
a0 19 = 
Siepsiale ee 
5,4572 
4,8482 
4,9492 
5,613 
5 ,606¢ 
6,070 
eeetls) 
Sie 
B20) 
Chet) 
8,744 
Up ee 
6,119 
aA ay eke 
Saas! 


1Fstimates of total population in Wood Buffalo Park. 


2Counts of non-calves only. 


Bison Counts on Delta 


Total: 
71,300- 
Vere here 


10,000 


animals to 9,000. By July, 1971, the number had risen to between 
CeO Ommandwl0,.000 mai nmeNatch, plo! 27 lt | Was about 9,500. The 
increase is probably partly a result of a net movement of bison 
scuth across the Peace River during the winter of 1970-71 and 


Pantly of good calf Survival in 1971. 


Unexplained movements of animals across the Peace have 
apparently occurred in previous years and may involve 800 to 900 
animals (Stevens, 1954). This may be an occasional but irregular 
occurrence. Soper (1941) probably observed the same phenomenon 
when he states that animals resident on the Sweetgrass meadows 
stay there year-round, and that the bison appearing in the Egg 
Lake region each winter come from north of the Peace River. 
Subsequently, surveys from the air have indicated the migration 


pattern outlined below. 


NATALITY AND MORTALITY 


The actual number of births in any population of wild animals 
can only be estimated. Data gathered from reproductive tracts 
jndicate the potential production ,mandmaduit-. cdl eelat)OsmpLOVide 


a measure of actual population increment at the time they are 


Reproductive tracts of bison were collected during the annual 
slaughters during 1952 5ton1959-s Pregnancy Lratesevallcdpe tL lOtam. 
percent ‘Sin’ 1959 )tow 7ae high@ sot 7/6 percent ne 52.) GlableeZ je 
Assuming that all pregnancies were successful and the sex ratio 
of =the “population wase1i2% (Fuller, 1966), weswouid Lind aoljerd 


ratiowo£ 100 adults: 2930 calves, oo, 23) percentscalves. 


Delta herds in previous years contained approximately 20 percent 
calves (Novakowski, 1957; Currier, 1971). From photographs taken 
in July, 1971, we obtained an average of 17 percent calves. 
Periodic counts made during past summers provide an index of 
reproductive success and rate of calf mortality during the 
summer (Table 3). In 1970, for example, percentage of calves in 
the population decreased from 25 percent in July to 18 percent 
in August. (McCourt, 1970) .9) Similarly ine 195)), percent ageson 
Calves decreased from 23 percent in duly toul2 spercent shy) the 
following December (Fuller, 1966). Although there is 
considerable “yvariatrone ani ca litem ta cd Osi 0 lly Cd Cel Omsny Gc br, 
Fuller's (1966) generalization seems to reflect the usual 
situation. He stated that a normal calf crop on the Sweetgrass 


meadows is 20 percent to 25 percent of the total population in 
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Pate June or ‘early July ‘and. (thisidecredses sby . about- 2. percent 
per month until December. By the end of the year, then, there 


would be 10 percent to 15 percent calves. 


Diseases of bison in Wood Buffalo National Park have received 
considerable attention. However, the bison mortality directly 
attributable to disease is difficult to estimate. Tuberculosis 


(caused by Mycobacterium tuberculosis) and brucellosis 


ee eae we SS — a 


of anthrax also occur. 


Tuberculosis was first reported in the Wainwright herd by 
Cameron (1923;> cited= ins Choguette et ,al.,-1961),, and Les 
generally believed that the disease originated aly eNOOde .Budcitalo 
Watdvonal- Park’ !with!) the !introduction sof, plains,.bison. from 
Wannwregut “(Pulier, al966)a tThesfincidences of tuberculosis is 
lower at Sweetgrass than at Hay Camp (Fig. 1) because an inverse 
relationship exists between the incidence of tuberculosis and 
the distance of herds from the release site (Fuller, 1966). Some 
tison die from tuberculosis, and others, weakened by the 


disease, succumb to accidents or predators. 


The incidence of brucellosis in Delta herds was 35 percent in 
jo5geanceusS percent in 1958. Brucellosis affects production by 


lowering the pregnancy rate in infected animals (Fuller, 1966). 


Tn recent years, the National Park has attempted to control 
disease through an extensive vaccination program. The animals 
must be herded and confined until inoculated; consequently, this 


causes stress and some mortality to the herd. The mortality 
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varies yearly, and in 1972, approximately 100 animals succumbed 


during the program. 


The timber wolf (Canis lupus) is the only known natural predator 
of bison *fon the Deltat(Soper Alloa bubler, 1966)% QNolvesehuse 
by cutting a single animal from the herd and tend to prey on the 
very young, the’ @very ® old, Pathe sidisedsed meeandeyt he crippled. 
Healthy, productive bison are seldom taken (Fuller, 1966). Black 
bears (Ursus americanus) are frequently seen near bis onwo & 


feeding on carcasses. They may kill an occasional calf, but most 


of the bison they eat is carrion. 


Another major cause of mortality in bison is drowning (Soper, 
1941; Fuller, 1966). Most drownings occur during spring floods, 
tut a few animalsudrown by) faldings) throughs Preottengg ices mpetore 
breakup. "Severitys Ot MoLta ll tyieatrOlme thictecause probably is 
related to amount of Delta flooded, characteristics of the ice 
breakup (including timing), and yearly variations in migration 
of bison. An estimate of mortality from this cause in the early 
1940s was 30 to 40 animals per year (Soper, 1941). After the 
spring floods of 1961, more than 1,100 carcasseS were found 
(Campbell, CULcrieLl,eapers a COMM.) , ands coclmat com ot Lota 
mortality from drowning were as high as 3,000 animals. In 1974 


there were 48 known drownings on the Delta. 


Humans have been a major predator on bison in Wood Buffalo 
National Park. A slaughterhouse was operated from 1954 to 1962 
and since then bison have been harvested to provide meat for 


Fort Chipewyan residents. Although there was no legal harvest in 


M13 


1972, some animaks were taken Ly residents of Fort Chipewyan for 


smceya abe 
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FOOD HABITS 


Pison are primarily grazers and therefore find their food on the 
large open meadows of the Delta. There is considerable variance 
among authors about which particular species are most important 
for food. This may be explained wingparerbyetie tacts ethaum buson 
food,» habits  ~weresdstudited invedifrterereascectronsecr thesrarks 
Farlier studies indicated that sedges (Carex sp.) were preferred 
year-round (Raup, 1930; Jeffrey, 1959; Holsworth, 1960). Grasses 
(Calamagrostis sp.) were also found to be used (Jeffrey, Bo59 a, 


and kison at times browsed on willows (Salex sp.) during the 


winter (Holsworth, 1960). 


McCourt (1970) sampled vegetation in feeding areas near 
Sweetgrass to determine) food habits. He found Carex jatherodes 
constituted over 90 percent of the dieteof -bisongand states sthaet 
there are relatively few stands of Calamagrostis but that bison 
grazed the young stems. Reynolds: (1970) analyzed 50 fecal 
samples collected by McCourt during the summer of 1970 oes 
analysis concludes that the summer diet of bison is primarily 
sedges (82 percent Carex atherodes and 4 percent unidentified 


Carex sp.), with Calamagrostis sp. second in importance at 2.4 
percent. He found forbs eto pcom prise phon ly 90-05) Bpercent Cf the 
samples. Analysis of fecal samples collected during winter 1970- 


71 indicated the bison fed almost entirely on Carex atherodes. 


During May, 1971, an area of known winter bison concentration 
just north of the Prairie River was observed to determine the 


extent of winter grazing. Here the sedge was eaten quite low but 
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had a fair carry-over. The long slough areas of Equisetum sp. 


which were just emerging from the ground had been completely 
eaten. In other areas where bison were not as concentrated, only 
the tops of the plants were used. Carex atherodes was the 


desired species. A lesser degree of use occurred on Carex 


aquatilus and Calamagrostis canadensis were less used, and 
occaSional browsing of willcws occurred. The animals did not 
appear to have rooted to the crowns of the plants except in some 
level. Heavy concentrations of bison on some areas would suggest 
heavy use’%of* the Gvegetation;s but »this was not borne out by 


observation except on drier sites of low productivity where the 


animals may be concentrating to obtain salty species. 
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CARRYING CAPACITY OF THE RANGE 


Data from plots on the Slave River show an average of 1,500 
pounds of “dry *matter™ per "aclem Grom sar Carex aquatalism «= 
Calamagrostis inexpansa wet meadow (Pringle, 1971). Using a 


figure’ cof ‘one=—third Scarny-oven! —fom ethirsm type, there are 


approximately 1,000 pounds of usable forage per acre. 


Even though Calamagrostis canadensis in pure stands shows very 
heavy production, it does not appear to be a_ preferred species 
and for this reason only 500 pounds per acre has been assigned 
to it (Table 4). Similarly, other vegetation types were rated on 
the basis of observation and previous knowledge. Acreages used 


were those available in subdivisions G, H, I, and J (Vegetation 


Mapping report). 


In order to determine a probable carrying capacity for the 


Delta, the following assumptions were made. 


(a) bison at present are using only preferred areas and do not 


range extensively outside the National Park. 


(b) bison appear to exist on poorer quality vegetation than do 


Tange cattle = particular by eiimewl toe mw. 


(c) it requires approximately 660 pounds of dry matter per 
month for maintenance and gain for range cattle averaging 
1,000 pounds. If we assume that the average weight of bison 
is Slightly more than 17,000 pounds; then a conservative 
estimate of utilization might be 1,000 pounds of dry matter 


per month. 
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Table 4. Carrying capacity of biscn on _ the Peace-Athabasca 
Delta, aw g/ 1. 


Usable Total Forage Usable 

Vegetative Type Acres Lbs./A (Thousands of lbs.) 
Carex atherodes 134,000 W200 160, 800 
Calamagrostis 77,000 500 38,500 
Wet sedge 27,000 1,000 277.000 
Low shrub T9000 500 95,500 
Tall shrub 88,000 300 26,400 
Deciduous 257000 300 Taw) 
Immature fen 49,000 100 490 
Total annual yield of usable forage 356,190,000 lbs. 
Requirements per animal 220 COLDS. "Dern y cat 
Garrying capacity (1971) 

based on usable forage 29,682 bison 
Carrying capacity (1971) 

based on availability 19,788 bison 


1971 herd on Delta 9,500 bison 


(d) 


The 
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during winter (6 months)=*only one—titved 0 Peete ef ordg oso 
the Delta is accessible to the bison because of snow, wind- 


drifting, and requirements for shelter. 


present carrying capacity is estimated at 19,800 animals 


(Table 4). 
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DISTRIBUTION, MIGRATION, AND HERD SIZE 


Like the prairie buffalo, the bison of the Delta are migratory. 
Their migrations appear to involve most of the animals on the 


Delta. 


Kuyt (1971) divided the bison range south of the Peace River 
into 10 convenient zones marked by geographical boundaries (Eig. 
2). He charted the distribution of bison in each of these zones. 
McCourt's (1970) data has been tabulated according to, this 


scheme (Table 5). 


During late spring and summer, bison were concentrated in the 
Sweetgrass area north of Lake Glaire ms (NCCOUGL, = 1970) Twhere 
calving occurs. Occasional lone aniW@ads siwere | ground ».on 9the 
margins of lake Claire. During late July and August, the bison 
began to move south and east toward Pravrie jriver Vand? “Hildd 
Lake. By the peak of the rutting season (September) they had 
scattered throughout the entire wintering area, with highest 
numbers in the Quatre Fourches, Mamawi Lake, and Hilda Lake 
areas (Table) 5, abides 3) - MUULInNg Winter, Local shttts occurred as 
the bison moved from large open meadows into sheltered sloughs. 
In early March, the bison began to move west through the Baril 
Lake and Quatre Fourches regions, and by late March or early 
Apra le ithey again were concentrated in the Sweetgrass area (Fig. 
3). In April, 1972, bison congregated near Sweetgrass. During 
Sri ice OOd Se elieahay,, large herds of animals moved south into 
the meadows east of Lake Claire, returning to Sweetgrass in 


June. There is no other data on spring movements of bison, so ukie 
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is not known whether this is the usual.pattern or if it was 


caused by high water. 


Several investigators have recorded average aggregation sizes 
(Fuller, 1960; Egerton, WS62e8 MeCoumtie, 1.90.0: 5 -Kuyt7i9 19 71),- 
However, McCourt (pers. comm.) noted that results si\may not _abe 
comparable because each observer arbitrarily determines which 
animals comprise a herd. He assumed that bison VLeiinee hOOmOr e200 


yards of one another belonged to a common herd. 


I found herds including up to 600 bison on the Sweetgrass 
meadows during the summer, and aggregations of 200 to 300 were 
common. When the bison began to disperse through their wintering 
ranges, they scattered, and even groups of 100 were rare until 
the end of the rut (November). Subsequent to the rut, larger 
aggregations re-formed, and groups of -100 o6 200 wene »-ftound .n 
December. During January and February, the herds diminished 
again as the bison moved further inpomthe s.orestedmparts or sithe 
Delta. Regrouping occurred with the first warm weather as the 
bison were moving toward the summer range. McCourt found the 
average herd size declined from 63 in late June to 26. i1n,August. 
This study showed average sizes to continue to decline through 
September (Table 6), to increase between September and December, 
decline through February and increase again im, early, .Manch 
(Kuyt, ead. we labléego).ethere is evidence, however, of a tendency 
toward larger herds in winter than in summer NOLTHEOc ut ne se eacc 


Piver (Stevens, 1954). 
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Table 6. Size of herds of bison on the Peace-Athabasca Delta. 


a ee ee ee a ee ee 


Average Number of 


Date Source Bison Per Herd 
June 24/1970 McCourt (1970) 63753) 
June 27/1970 A 5 Baie 
July 271970 WJ Sate) 
UL Vere Jal " 34.6 
July 1671071 Allison (this study) Sesion 
CUlLy? 157415 20 McCourt 701970) 42.0 
UL Vee / 0 A 42.6 
July 267.1070 : ShOve 7) 
RugUsSt 07.1970 a Bile 
August 12/1970 a“ 3. 0S8/ 
August 22/1970 H Faia ti! 
September 11/1971 Allison (this study) Ziel. 
December 8/1970 Kuyt (1971) 46.3 
December/1971 Allison 19.4 
January 20/1971 Kiry €29619 741) 41.8 
February 3/1971 " Ste 
February 18/1971 a 34.0 
March 4/1971 " 34.8 
March7 1972 Allison (this study) 2251 


Mabon 2 oy iol Kuyt (1971) 395 


a ce a ee ce gee er eg ES ES TS 
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EFFECTS OF WATER LEVELS ON BISON 


Theseffect of hagh water during flooding’on mortality of ‘bison 
has already been discussed. Under low water conditions that 
existed during 1970 and 1971 we did not see any immediate 
detrimental effects on numbers of bison. However, the bison 
range is a delicately balanced system dependent upon surface and 
ground water. The early effects of drying on the vegetation can 
be monitored (Dirschl's report) and the response of the bison to 


these changes can be predicted. 


Initially, low water levels will provide more bison range. 
Drying and drawing back the water in many sloughs allows’ sedges 
to establish themselves, and TI have noted that bison seem to 
feed in the newly exposed fen areas during summer. On a_e short- 
term basis, therefore, the low water levels have probably 
increased the available forage for bison. However, Carex 


atherodes, the mcst important year-round food of bison, requires 


wet environment to thrive. The extensive Carex meadows at 


je) 


Sweetgrass are a seral stage in plant succession in this area 
and are maintained by periodic flooding and a high groundwater 
level. Invasion by drier land species has already begun and can 
be attributed to a lowered water table. During 1971, some sedges 
were observed to be dying, and grasses and willows were 
beginning to replace them. If the water levels were to remain 
low, the sequence of plant succession would continue and the 
bison range would diminish. Stable water levels would result in 
extensive sedge meadows being replaced by Calamagrostis with 


sedges being restricted to small borders about the edge of 
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ponds. This would eventually result in a carrying capacity 


considerably below what it is today. 
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ABSTRACT 


Moose on the Peace-Athabasca Delta were studied from June, 1971, 
to June, 1972. Aerial surveying determined that moose are 
concentrated in regions that have an interspersion of habitat 
tyoes=inceludingeconiters oredense, tall “willow sfas eccover.)? The 
total population on the Delta is estimated to be 800 animals, or 
approximately one per square mile of suitable habitat. The sex 
Patio is 131, and ihe annual Increment to 7 the ) population is 
estimated at 20-25 percent. Major predators of moose are humans 


and wolves; the estimated annual hunter kill is 150 to 200. 


Moose on the Delta are migratory, moving distances of more than 
20 milés. Influxes of moose in early winter were noted in the 


McIvor River, Riviere des Rochers, and Dagmar Lake regions. 


Browse studies indicate that much more food is available for 
moose than is being used., The Delta is divided into four classes 
on the basis of habitat type and optimum densities of moose 
assigned to each class. It is estimated that under intensive 


management the Delta could support approximately 5,500 moose. 


Because there are few moose on the Delta and these are 
concentrated on high, more stable regions, water level changes 
Of two or three feet will have little effect on moose 


populations. 


INTRODUCTION 


The moose (Alces alces americana) has played an important role 
in the Indian and Metis cultures of northern Alberta, both past 
and present. Historically, moose were present in the region of 
Fort Chipewyan and were a major food source for the early forts 
inethe?aregion o*(Wuetherickhpe 197 2)yee! heme Wasa O pebel cCrence, 
however, to the extent they were hunted on the Peace-Athabasca 
Delta. According to.residents of Fort Chipewyan, moose were so 
scarce on the Delta 40 years ago that even tracks were uncommon. 
It was not unusual for a ‘man who saw a track to followya single 


animal until he shot it - even if Et took a week (S.. erlett, sf. 


Ladouceur, pers. comm.). 


Since then the Indians and Metis have become concentrated within 
and near Fort Chipewyan. Moose continued to move into the Delta 
area and their numbers increased. Moose from the Delta area have 
now become economically important to the residents of Fort 
Chipewyan as a food source and the hides provide material for 
clothing and handicrafts. Therefore, “when | the Peace-Athabasca 
Task Force was established to study the effects of low water 


levels on the Delta, moose were among the species considered. 


The objectives of this study were to, determine: 


(a) the population of moose on the Peace-Athabasca Delta; 


(b) annual recruitment and mortality in the population; 


(c) the distribution of moose on the Delta in summer and 


winter; 


N 3 


(dy the carrying capacity of the habitat with respect to food; 


and 


(e) the effect of water level regimes on the population and 


moose habitat. 


The study began in June, 1971, and continued until June, 1972. 


DESCRIPTION OF: STUDY, AREA 


The Peace-Athabasca Delta has been sculptured by water. Formed 
by the deposition of fine: silty carried s toe the jimouths | ote the 
Peace and Athabasca Rivers, the terrain is very flat. Major 
changes in relief are provided by outcrops of Precambrian rock 
and the levees along river channels or between lakes. 
Rotanically, the Delta is an unstable region; the progression of 
plant succession is inhibited by the fluctuating water levels 
and... fire... The climax white spruce storest occurs only sonsnagnes 


levees and older, protected parts of the Delta. 


Because moose are mobile animals and inhabit forested, upland 
areas on the Delta, regions peripheral to the Delta proper were 
included in this study. The boundaries were the Peace River on 
the north; the Rochers Piver, Lake Athabasca, Steamboat Channel, 
and Richardson Lake to the east; the beginning of . the 
Precambrian Shield and the south shore of Lake Claire to the 
south; and an imaginary line about 18 miles west of the west 
shore ‘of .Lake, Claire J(Big. ijl. tiethe “tall, when ete dpe Ged 
that the moose may be migratory, the study area was extended 
south to the Birch Mountains. Dirschl (1970) gives a detailed 


description of the Delta area. 


The study area comes under the jurisdiction of three separate 
agencies. The largest segment is part of Wood Buffalo National 
Park. Approximately 500 Cree and Metis have traditional hunting 
and trapping rights in the Park and they can legally shoot moose 


of any age or either sex throughout the year. The Chipewyan 
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Indian Reserve is administered by the Chipewyan Chief and Band 
Council. Members of the band may shoot moose within its 
boundaries any time of year. The remaining strip of Delta is 
administered by the Province of Alberta. Hunting is limited to a 
fall season in this region with no age or sex restrictions. 
However, treaty Indians (Cree or Chipewyan) may legally shoot 
moose in Alberta throughout the year. (In practice, however, 
these distinctions are blurred; in general, anyone who spots a 


moose shoots it regardless of jurisdiction or legality.) 


The boundaries between separate jurisdictions are either rivers 
or lakes. They may provide some barrier to movement during the 
summer, but when rivers are frozen (November to April), the 


moose can move freely from one area to another. 


METHODS 


During the summer, reconnaissance surveying for moose was done 
over the entire Delta in ame ipen super Cun sal rcrat tain Leomu ugha 
density areas were located (Fig. 1: 1,3, and 5) and searched 
intensively at low altitude, using closely spaced transects in 
an attempt to arrive at a density figure A wider pattern was 
used to sample other areas of suitable moose habitat on the 


Deltar. 


Intensive surveys continued in the winter. Seven areas, 
including the three summer segments (Fig. 1), were each surveyed 
several times to determine changes in distribution over the 


winter. 


Using the habitat classifications, water, open meadow, low 
willow, tall willow, deciduous trees, and conifers, the 
observers recorded the vegetation type where each moose was 


observed and up tc 200 yards away, if different. 


Rll moose sighted prior to October 320M were classified as bull, 
cow, or calf. No attempt was made to identify yearlings because 
the observers felt it would not be accurate. Bulls began to drop 
their antlers in December and calves were large enough that they 
could not be distinguished from the air unless they stood beside 
an adult, so this) classi ficatronewac discontinued during the 
winter. Mortality was estimated from information provided by 
residents of Fort Chipewyan and by extrapolation from known 


ki 1S. 


Food habits of moose on the Delta were determined by: 


(a) collection of 10 rumen samples from hunter-killed moose in 


late summer, 
(b) incidental observations of feeding moose in summer, 


(c) a browse survey carried out during the summer of 1971 to 
study the feeding of moose during the winter of 1970-71, 


and 


(d) a browse reconnaissance done by Edmund Telfer during March, 


RZ 


Rumen samples were preserved with a 10 percent formalin 
solution. All samples were washed through screens having mesh 
Sizes of 8 and 16. Most pieces which washed through the number 8 
mesh were too small to identify. All identifiable material was 


classified to family, and, where possible, to genus and species. 


The quantity of each species in the sample was expressed as 
percentage total dry weight. Small samples of dried material 


were stored in vials for future reference. 


Twenty-one sites were chosen for 1971 summer browse surveys, 
seven in each of the three areas of summer moose concentrations 
(Pidcuelcaml s,s ed deo)ecachmsatplemplotewadsSea s SOM meter | square 
located 50 paces north of the spot chosen. Species, height, and 
cover of shrubs, bushes, and trees were recorded along the 
diagonal of the square (length - 43m). Ten to 25 stems of each 


Species noted on the transect were chosen within the sample 
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plot. Gn each stem, the percentage of twigs browsed by moose was 
estimated for height classes, 0-0-5 m, 0257). 0°m,) le 0=2.05m;, and 
over 2.0 m. All evidence of moose use was Classitied as SUMMED 


or winter. 


The browse reconnaissance was carried out during the week of 
Rarch™ 24-23, 1672. An overview of the entire area was obtained 
using a Cessna 180. A helicopter was used to assess browse 
conditions in the McIvor River area, near the Birch Mountains, 
and northwest of Welstead Lake. An additional two days were 
spent on the ground in the Sweetgrass, Baril Lake, and Quatre 


Fourches regions. 


POPULATION AND DISTRIBUTION 


Moose range on the Delta was rated as prime, gocd, moderate, or 
peor on the basis of summer sightings (Fig. 2). The prime areas 
were characterized py the establishment of large stands of white 
spruce (Picea glauca). Numerous small channels, lakes, or oxbow 


lakes were interspersed with balsam poplar (Populus 


balsamitera), aspen poplar, (Ps )¢tremuloides), or birch, (Betula 


ee ee ee we ee Se ee ee a ee eS Se a 


several species of shrubs. A second type of prime summer habitat 
consisted of the younger, lower, and more frequently flooded 
areas characterized by many lakes and channels, open meadows, 


Powwow and) thick, tald willow. 


Good habitat for moose included areas of white or black spruce 
(Picea mariana) interspersed with ofen muskeg, and Precambrian 


— aa a SSS 


OUGCLOpD areas. 


Moderate moose habitat in summer consisted of areas where very 
few moose were seen or reported, usually open jackpine forest, 


or muskeg with scrub spruce. 


Poor habitat consisted of areas which were unsuitable for moose. 
These were primarily large open meadows of sedges or grasses 


Chu sr2)i. 


The observers felt that many moose were missed during the Summer 
because of the heavy canopy of leaves in most regions. 


Therefore, density data were not calculated. 


At the onset of winter, moose were much more readily seen, and 
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density data could be calculated. Densities varied between 5.1 
and .05 moose per square mile in wooded areas (Table 1). Some 
regions considered to be prime range in summer still supported 
relatively large numbers of moose; however, in early winter very 
few were seen on the Welstead study area, or along the Birch 


River. 


During November, very high concentrations’ o£: moose weresseen=) on 
the willow flats north of the mouth of the Steepbank River and 
along the edges of the Birch Mountains. A survey of the entire 
McIvor Piver study areateNhiq-eu) Senn. December Bireveated 
concentrations of more than 1.5 moose per square mile. Most of 
the observations were recorded in the west end. At this time, no 
moose were Sighted in either the Birch River or Welstead Lake 
areas. In January, surveys of the three regions were again 
carried out. A few moose reappeared in the Birch River and 
Welstead Lake study areas. Moose in the McIvor River region 
tended to be concentrated to the east, with many animals sighted 
just south of Welstead Lake. Some animals, however, remained on 
the Steepbank Flats with more sightings between there ,<and.» the 
Birch River than previously. High concentrations were also noted 


in a small area near Sweetgrass Landing (Fig. 3). 


By late February, the moose had left the Steepbank Flats and 
were scattered throughout the McIvor Region in densities of less 
than one per square mile. Both the Birch and Welstead areas’ had 
more moose sightings and sign than previously noted. Densities 
in each of the remaining study areas (Baril Lake, Rochers River, 


Dagmar Lake, and the Chipewyan reserve) remained fairly constant 
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throughout the winter (Table 1). Reconnaissance surveyS over 
toth the Rochers and Dagmar regions during the summer turned up 
no moose, and few casual sightings were reported in these 


regions. 


The Delta was classified for winter use as prime (areas of moose 
concentration), poor (few sightings - areas in which few animals 
were seen or from which moose migrated), or poor on the basis of 
actual moose densities observed (Table 1; Fig. 3). The potential 


of the habitat to support moose was not considered and the 


rating is a comparative one for the Delta only. 


Aerial surveys, although limited in accuracy and usefulness, are 
still the best way of assessing big game populations over a 
large area. Bergerund and Manuel (1969) and Evans et al. (1966) 
discuss methods and limitations of this technique for moose. It 
must be kept in mind that numbers and densities produced from 
aerial survey data are only minimum figures. How closely these 
figures approach the real situation depends on several 
variables: weather during the survey, survey method used, 
observers' accuracy and experience, observer fatigue, type of 
terrain covered, and habitat type. It is numerically impossible 
to assess the effect of some of these variables. However, 
LeResche and Rauch (in press) tested the effect of observers! 
experience, snow conditions, and habitat type on the precision 
of moose counts over one-square-mile enclosures containing known 
numbers of moose. Experienced counters, when surveying in 
aircraft in excellent conditions, saw a mean of 68 percent of 


the moose. A higher proportion of moose were seen in pens with 
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flav seterrain sands suite roummla tule ertimber, ~ In this study, all 
surveys between June and January employed the author and_ the 
pilot as observers. After late January, different pilots and, 
sometimes, second observers were used. Most moose were seen in 
wWoodeds terramn. Therefore, I felt “confident. that, ‘on the 
average, we Saw no more than 50 percent of the moose _ present. 
The total calculated number of moose from density figures was 
multiplied by two to give an estimated population of 800 animals 
occupying 858 square miles of habitat (0.9 moose per square 
write, Table 1). This is va wery ‘Yow "figure; on the Kena 
Peninsula in Alaska normal winter densities are 15 moose per 


square mile (LeResche and Davis, 1971). 
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MIGRATION AND MOVEMENTS 


Many moose remain in a relatively small and well-defined home 
range all year; however, others are migratory (Edwards and 
Ritchey, 1956; LeResche and Davis, 1971). Although the data from 
the Peace-Athabasca Delta are fragmentary, it appears that some 
of the animals are stationary year-round and others move at 
least 20 miles. Moose were present winter and summer in two 
Major summer areas (Baril Lake and the Chipewyan Reserve). Moose 
apparently moved out of the Welstead and Birch regions since the 
McIvor River area was invaded by large numbers of moose during 
early winter. The Rochers River region and the Dagmar Lake area, 
some of which has been burned, also appeared to have an influx 
of moose in winter. Gradual changes in distribution lead me _ to 
believe that the moose from the Welstead and Birch River regions 
move south into the McTvor area for the early winter and those 
from the Baril region move tc Sweecgrass Landing. The Rochers 
and Dagmar moose may come from the Baril and Reserve areas 
respectively. A tagging program cculd provide definitive 


information. 
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SEX AND AGE RATIOS, NATALITY AND MORTALITY 


Sex and age ratics obtained in the summer and fall were very 
Similar. In summer (n=138) there were 100 cows:90 bulls, and 100 
cows:44 calves. In the fall, there were 100 cows:105 bulls, and 


100 cows:46 calves (n=122). 


Sex ratios on the Delta approximate 1:1. The slightly higher 
proportion of males observed during the fall can probably be 
accounted for by a relatively small sample size, the difficulty 
in sighting antlers early in the summer, and the tendency of 
bulls to travel more widely than females during the rut. This 
balanced ratio is maintained by unselective hunting. Except for 
having a slight predilection toward shooting calves or cows with 
calves, hunters frobably are non-selective. Calves accounted for 
18.8 percent of the population in the summer and 18.3 percent in 
the fall. The summer figure is probably low because calves may 
lie in the bush and not be spotted. Knowlton (1960) also noted 
that the calf component may appear to be even higher in winter 
than summer because of changes in activity pattern. However, the 
figures do indicate that calf mortality during summer is low. 


Total annual increment is probably 20-25 percent. 


Human hunters and wolves are the major predators of large game 
animals on the Delta. Estimates of local hunters and known kills 
indicate that approximately 150 moose are taken annually by 


residents of Fort Chipewyan. 


WOLVeSeeatres NOt os ablceknllers as men with rifles but do kill 


some moose. Most Sightings of wolves occurred near bison 
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concentrations, but some animals in the far southern part of the 


study area protably depend entirely on moose as food. With an 


estimated population of 800 animals, an annual mortality of 200- 


250 moose of all ages would probably be sufficient toe keep the 


population at its present low level. 
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POPULATION REGULATION 


It is evident from the above discussion that the number of moose 
cn the Peace-Athabasca Delta is far below the level which 
available food sources could support, although a one-year study 


was not sufficient to determine the dynamics of the population. 


Because the pressure from hunters is both heavy and constant, 
few moose are found in suitable habitat close to or accessible 
from Fort Chipewyan, particularly during the summer. Local 
hunters are more opportunistic, persistent, and skilled than the 
average sport hunter. Dasman (1964) pointed out that subsistence 
hunting could lead to local extinction of a Species, and this 
May explain the scarcity of moose on the Delta even 40 years 
ago. In Fort Chipewyan, a successful moose hunter still gains a 
great deal of prestige. However, since welfare iS available, a 
very low moose population would probably suffer only from 
Opportunistic hunting {i.e., a man carrying his rifle in his 
skiff sees a moose crossing a river) and the population would 
not be extinguished. Nevertheless, the pressure of hunting is 


one factor keeping the population at its present low level. 


Much has been said but little written about the effect of 
interactions between moose and bison. Holsworth (1960) suggests 
that moose in Elk Island National Park will move elsewhere when 
confronted by bison. Residents of Fort Chipewyan (L. Flett, R. 
McKay, F. Ladouceur, pers. comm.) state that moose move out of 
an area when either bison or caribou move in. They claim that 


the moose, usually a relatively solitary animal, is disturbed by 
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the noise. Aerial survey data did indicate that as the bison 
moved north into the small sloughs and open meadows of the 
forest, the moose tended to be concentrated even further note. 
Some even moved across the ice to islands in the Peace River. 
This competition with bison for space could help keep the moose 


populaticn low. 


During the flood of the Athabasca River in July, 1971, much of 
the Chipewyan Reserve and Alberta section of the Delta were 
flooded. The moose seemed to move out of wet areas onto higher 
dry land even though the water was only two to four inches deep 
in many places. The Dagmar Lake study area was flooded all 
summer and only twe moose were sighted. In high water years, 
then, large areas of suitable moose habitat may be unavailable 


during summer, forcing an exodus of resident animals. 
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FOOD HABITS 


Analysis of rumen samples is the best way we have of determining 
the diet of moose, other than by direct observation of feeding 
animals. However, this method does have drawbacks. For instance, 
coarse woody material may be harder to digest and may stay in 
the rumen longer than non-woody plants. Consequently, fibrous 
plants may form a larger component of rumen sample than of the 


moosets actual diet. 


During the summer, moose on the Delta ate primarily the leaves 
and twigs of browse plants (97 percent of material identified, 
Table 2). Willow was the main food (73.5 percent), followed by 
balsam poplar, birch, and aspen poplar (Table 2). Grasses, 
sedges, and other ground vegetation were used only slightly, 
accounting for 2.22 percent of the identified sample. Aquatic 
plants composed only 0.3 percent of the sample, even though a 
large proportion of Summer Sightings were of moose in water. 
During 1971, browse surveys were concentrated in those areas 
known to support concentrations of moose in Summer. In all cases 


the impact of moose on browse was low (Table 3). 


In all three study areas (Baril Lake, Welstead Lake, and the 
Chipewyan Reserve), the bulk of the moose's diet consisted of 
willow species and red oSier dogwood (Cornus stolonifera). These 


two plants were also the most common ones in each area (Table 3: 


a and e). 


The Welstead Lake and Baril Lake study areas are very Similar in 


plant growth forms and successional stages. In each case the 


Table 2. Summerntood nabats LOL, moose. 
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Species Found in Rumen Samples 


Betula papyrifera leaves 
stems 

Cornus) stolonifera leaves 
stems 


eS SS ae ee ee ee ee oe 
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Populus balsamifera leaves 

Populus tremuloides leaves 
stems 

Salix sp. leaves 
stems 


Unknown leaf pieces 
Unknown stem pieces 


Chamaedaphne calyculata 
Cyperaecae (Fanm.) 
Gramineae (Fam. ) 
Leguminosae (Fam.) 
Lycopodium complanatum 
Myriophyllum sp. 
Potomageton richardsonii 


SS eee a ae ee ee ee a ew oe 


Typha sp. 
Unknown seeds 
Unknown buds 
Unknown flowers 
Parasites 
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% Identifiable Material 


Browse Plants 


TOTAL 


Average percent of sample identified ~ 28% 


(dry weight) 
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overstory is poplar and spruce. Birch iS more common in the 
Welstead region and provides a considerable portion of the diet 
of moose in that area (Table 3: a and e). The Chipewyan Reserve 
haS an overstory consisting almost entirely of tall willow and 


containing only three browse species (Table 3). 


Studies of availability and use of browse species (sShrubs-~ and 
bushes up to three m. in height for moose) can be used to 


produce an index of uSe in a particular habitat. 


Because the results for each study are based on an equal number 
of plots, the availability figures are directly comparable. 
Equivalent amounts of browse are available on the Baril Lake and 
Chipewyan Reserve areas, but the Welstead region offers only 
about two thirds as much (Table 3). Furthermore, more than five 
times as much browse was used on the Baril area aS in any other 


region (Table 3). 


BrowSing removes the terminal bud on a branch and stimulates the 
development of lateral buds. Heavily browsed shrubs therefore 
develop a bushy or "hedged" appearance and remain low. Hedging 
was evident ona few red osier dogwood stems only in the Baril 
area. In the Welstead segment, some dogwood patches reached 


heights of four meters and were untouched by moose. 


Species which were palatable to moose but uncommon on the study 
plots were browsed at levels higher than their relative density 
(Table 3). Serviceberry or Saskatoon (Amelanchier alnifolia), 


Se ap ee ee ee Se ee SS ee Se 


Lowbush cranberry (Viburnum edule) and raspberry (Rubis_ sp.) 


eee ee ee ee ee ee — SS 
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were used sparingly by moose (Table 3). Alberta rose (Rosa 


acicularis) and alder (Alnus tenuifolia) were eaten only by 


Browse reconnaissance was carried out over a wider area in March 
of 1972. The Steepbank River (mouth) winter concentration area 
was very heavily browsed. Numbers of dead twigs indicated that 
both “willows cand = birch» -alsowhad been heaveby used in previous 
years. Stands of birch and balsam’pceplar, about® B0eryears old, 
covered the hills on the edge of the Birch Mountains. Some 


severely hedged red osier dogwood was present in the understory. 


Moose on the Delta feed primarily on willow, red osier dogwood, 
birch, and balsam poplar during the Winter. elnecontrast ,wAlaskan 
moose (LeResche and Davis, 1971) use birch and cranberry (here 
Vaccinium vitis-idaea) with only threess percenteact @ theirs diet 
being willow. Moose on the Kenai Peninsula have much less snow 
to cope with than do moose on the Delta, and very low species 
are unavailable to the Delta population all winter. Red osier 
dogwood is used heavily throughout the range of moose wherever 


it occurs (Peterson, 1955). 


Like many other animals, moose require a diversity of habitat 
types within their home range. Because a relatively small area 
must supply foodgands shelter for each animal, an interspersion 
of habitat types is required. Moose on the Delta, sance they abe 
at such low densities, can select and inhabit optimum regions. 
Such regions offer a mixture of coniferous, deciduous, and era a A 


dense shrub stands for shelter, with low shrubland for forage. A 
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sprinkling of small ponds and meadows add to the area's 
attractiveness in summer. Snow conditions on the Delta do not 
appear to be severe for moose, but may be sufficient to 
discourage use of low shrub types for approximately 90 days each 
winter. Small patches of dense evergreenS of tall willow, 
scattered among low, forage-producing shrub stands, allow access 
to shrubs even during heavy snow periods. The most favored 
wintering areas are a large burn about 30 years old in the 
region of the McIvor River, and a logged region near Sweetgrass 


Landing, both of which offer good dispersion of habitat. 
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USEMO Perth Ape cA 


During the summer, 3/7 percent of 1328 moose sightings were: in 
water and 41 percent in meadow associations (Fig. 4). Sightings 
associated with low willow, tall willow, and conifers decreased 


in order oOfsdecrecasi nds visa ba litsyan(r Gem e 


In the fall (September 1 to October 30), 122 moose were sighted, 
primarily in the tall willow and tall willow-meadow associations 
which “offered browse as food) (Fig s4)taeDUcungm@ cold Saweatien, 
shelter and refuge from deep snow became important, and moose 
moved into heavier forest. Pisnby =. Ou Ll percent of Daa 
observations were of moose in associations including willow, 40 
percent in those including) = deciducus*strees,]andes3/ Spercent 
including spruce. Thirty-seven percent of observations were in 
mixed habitat including more than one major plant form within 
approximately a 200-yard radius from the moose. In most areas, 
patches of conifers were nearby, except on the Chipewyan Reserve 


areas where thick, tallewillowevrovsdedgcover. 


On all areas of the Delta, “even those "most heavily ™ usedaaby 
moose, the impact of browsing is far below the level which could 
be sustained on the present habitat. Bouckhout (1971) studied 
the effect of high concentrations of game animals on browse in 
Elk Island National Park. Total percentage of browsed stems on 
his plots ranged between 25 percent for cranberry and 76 percent 
for willow (compare with Table 3). That is, browsing pressure on 
major shrub species in Elk Island Park, which supports more than 


eight moose per square mile, is more than three times as _ heavy 
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aS on the Barile area of ther Delta: Bouckhout ‘concluded that the 
GCond1tvonsortebrOWsem elon aHlk island Park was somewhat below 
Opulmumesbutw notecritical. “That indicates that browse plants on 
the Delta are under-used except in a few very small areas (e.g., 


Steepbank River Flats). 


N28 


PRESENT CARRYING CAPACITY OF THE DELTA 


From the point of view of carrying capacity for moose, the Delta 


may be divided into four classes, based on subdivisions A to I 


(Fig. 1) 


Class 1. 


Class 2. 


Classes. 


plas LoOLlows: 


Subdivisions» G, »mostwot Hy, Kye ancmly J9Ot. ban scOUtIimot 
Athabasca River to the beginning of the Precambrian 
Shield), are characterized sys au diVvercit ymeotetocod. 
producing shrub types and deciduous and coniferous 
forest. Based on a subjective comparison with other 
areas of the Canadian boreal and deciduous-coniferous 
transition zone familiar to me, I would estimate the 
optimum density on such range at four animals per square 


mile (Table 4). 


Subdivisions. CC, F;,. sand 91/3 a80f eb Sh(NOEt Dee OlmmL iG 
Athabasca River), contain shrub types but little forest. 
These areas presently carry moose year-round and appear 
to have a sufficient cover of dense, tall shrubs to 
provide shelter. I therefore estimate Shave thiselang 


would also support four moose per square mile (Table 4). 


Subdivisions A; Dy, rk, 0 pp and hOstmeOn Se we ldG hc ObcoL 
stands and have a low percentage of shrub stands. They 
are composed largely of open water, emergent vegetation 
and meadow, most of which is of little use to moose. 
Changing water levels on the Delta will have their 
greatest effect in lands of this class. After deducting 


the areas of the large lakes in I and J, I estimate the 
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optimum density of moose in these regions as one per 


Square mile (Table 4). 


There are two burned or recently logged areas of major 
importance to moose on the Delta. One is a 25 to 30 year 
burn covering most of the McIvor River study area (Fig. 
1). Much of this burn is cregencratinge to sbi rch miter 
are still “many openings "within thes DULRomsproducing 
willows, red oSier «dogwood, birch, and balsamepopilar 
browse within reach of moose. These openings are heavily 
utilized. Part of the burn is the Steepbank River flats 
which, during early winter, supported the highest moose 
concentrations recorded in this study (Table 1, rigvesje 
At present, this area provides a large browse supply 
which is heavily used in early winter. At maximun 
recorded levels of Lake Claire much of this flat would 


be under water. 


Near Sweetgrass Landing is a smaller area where an old 
burn and recent logging have provided a useful diversity 
of moose habitat. The highest concentrations of moose 
recorded in North America have been found in areas 
binned /toreslogged,. “Hatternpm W949 ;= el copold yam |255)) ae 
estimate that an optimum moose density for Class 4 would 


be eight per square mile (Table 4). 
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EFFECT OF WATER LEVEL CHANGES ON MOOSE 


POPULATION AND CARRYING CAPACITY 


If water levels in the Delta remain at their present (1971) low 
level or drop even more, the amount of available moose habitat 
would be expected to rise. This increase would have to await the 
establishment or Stands “of tall willcw or forest ‘suitable for 
eneltermeacsm wells aceesthe Sinvasvon of “shrub types. Carrying 
capacity in an area would then rise sharply for several years to 


four per square mile. 


For example, subdivision 1, excluding Lake Claire, contains 
about 650 square miles. The 19 square miles of forest form the 
nucleus of the moose range, supported by 68 square miles of tall 
shrubs. Some of the 206 square miles of low shrubs would be 
available to moose except during periods of deep snow. Some 
meadow and emergent stands would be used in summer. Apart from 
Preetrecssand tala e@shbubs;, Sabctitay50p ¢squaren gmitesssot< sother 
vegetation types are presently available to moose. That leaves 
about 500 square miles of unsuitable habitat which, about 15 
years hence, would begin to rise sharply in carrying capacity, 
With the result an 25 to 30 years of the addition of 400 to 500 
square miles of habitat capable of supporting four moose per 


Square mile. 


Tf) water levelsiremain Low and stable; succession to, a white or 
black spruce forest will proceed. Interspersion of seral stages 
will disappear, and homogeneous stands of white spruce will 


support fewer moose than the earlier mixed stands. At this 


N32 


point, fire would? ®become (important, ealtrougiveeVven” presently 
either wildfire (unfought) or prescribed burning could greatly 
increase the capacity of the Delta to support moose. Peterson 
(1955) states that the most favorable habitat for moose is 
continual plant succession or regeneration. Moose populations in 
an area are highest during the early stages of forest succession 
and decrease as the forest reaches maturity. Mixed rather than 


pure stands are reguired for favorable moose habitat. 


Further, the encroachment of forest types on the sedge meadows 
would reduce the available bison range. Fewer bison on the Delta 
would mean less interaction between moose and bison and might 


allow increases in moose numbers. 


The stabilization of low water levels would also minimize 
flooding on parts of the Delta, although the Athabasca River 
would’ still’ -bersubject’tovoccasionad’ tloodsspihis would Tesule 
in more summer range being available to moose and, again, might 


allow population increases in some areas. 


Conversely, raising water levels on the Delta would have little 
effect on moose and would not greatly reduce the area of 
available moose range. Obviously, moose will reach the 
theoretical carrying capacity of the Delta only with) intensive 
Management and severe restriction of hunting. Considering the 
economic status of Fort Chipewyan and the fact that much of the 


area is a National Park, this is probably not desirable. 
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ABSTRACT 


A computer program was written to accept water levels and water- 
level fluctuations for Lake Athabasca, and to simulate effects 
of these on habitat and populations of waterfowl, muskrats, 
bison errand emoose sfor ga number «of syeansvintosthe futures-A 
variety of water-level regimes are tested, including the natural 
historic regime, the predicted regime with the Bennett Dam in 
operation and regimes possible under several proposed 
alternative remedial structures. Under the modified regime that 
results from full operation of the Bennett Dam, perched basin 
ehomeline timporrantetoO migratony (birds is expected» to. decrease 
by approximately 50 percent, waterfowl production will decline 
amuavetage of »20-25spercent, smuskrat populations «will decline 
40-65 percent, bison habitat is expected to gradually shift to 
less of meadow and more of shrub type, and moose habitat is 
expected to increase by approximately 17 percent. Of three 
fixed-crest water control structures examined for suitability in 
restoring the natural regime, the rock weir on the Rochers River 
is the most suitable. Wildlife production could be substantially 
increased above that possible under the natural regime by 
compartmenting the Delta and managing water levels to meet 


specific wildlife requirements. 
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INTRODUCTION 


In the spring of 19717, the Canadian Wildlife Service initiated 
studies of wildlife populations and their habitat on the Peace- 
Athabasca Delta under the auspices of the Peace-Athabasca Delta 
Project. Declining water levels on the Delta since 1968, 
Golncident with the filling of st hewavrlistone keser voir esbehiund 
the Bennett Dam, prompted the investigation of the effects of a 
variety of water level regimes on the biota of the Delta. The 
objectives Yof “the wildlife “study Swere 07 9(1)) asccrtdinethe 
present populations of major wildlife species following three 
years of declining water levels; (2) determine from previous 
inventories *the® past —*variation Stinvew1ldls fete populetronseecr 
harvests as they occurred under historical water level 
conditions; (3) determine the relationship between wildlife 
populations and the various water level regimes of Lake 
Athabasca; (4) determine water level regimes that would be most 
Suitable for maximizing wildlife production; (5) determine the 
effect on each species of the modified hydrologic regime 


anticipated under future operation of the Bennett Dan. 


Objectives (3), (4) and (5) required a predictive analysis 
because water levels and wildlife populations change both 
seasonally and annually. Therefore, simulation on a computer of 
the ecological system was used to predict population and habitat 


trends resulting from alternative water regimes. 


Because of the immense complexity of the Delta ecosystem, it was 


necessary to restrict wildlife studies to those species 
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economically or aesthetically important and those most likely to 
be influenced by changes in the hydrologic regime. This study 
therefore concentrated on muskrat, waterfowl, bison and moose as 


the principal wildlife species or groups. 


Initially the plan was to develop a mathematical model using 
dynamic linear programming that could be of assistance in 
selecting the most appropriate water Management regime for 
maximum wildlife production. This objective was not realized 
because the complex habitat relationships made the resulting 
model 4'too  ‘MWJarge and too tcostly to (be a useful tool (Anderson, 
1971). Instead, a simulation approach was used, whereby a 
computer program was written to accept a number of topographic, 
vegetation and wildlife parameters, and a series of water level 
Peqines ssc =ethat thew “citect of these water levels on wildlife 


productivity could be evaluated. 


The Simulation program first accepts the acreages of each major 
habitat type, miles of shoreline present, rates of shoreline 
loss through evaporation, een nanges of habitat types, «sand 
depths of basins. It then prepares a mathematical contour map of 


the Delta. 


The program then reads the information on 1971 populations 
(muskrat, moose, bison, and ducks) including numbers of aninals 
in each area of the Delta and/or productivity of these animals, 
plus, in some cases, information relating to the carrying 
Capacrty of sticeeanimdal species for each habitat type. NAMEN Nove 


Thisee represents. »the®* present eConditi1 on Soretstatus of the 
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vegetation and animals on the Delta and this completes one major 


segment of the program. 


The second part of the program is the "What happens if ..." 
section. What happens if the water levels are at one series of 
levels in 1972, another in 1973, 1974, etc. The program accepts 
five water levels for every year, one for each of five time 
periods. FOr each year, the “program “wWpdates ‘the =plant 
succession, allows populations to grow according to certain 
rules, and then takes an inventory at the appropriate time of 
the items of interest, and stores the results. It then reads 
another set of water levels and repeats the updating procedure. 
It will accept up to 98 years of water levels. Finally, when all 


the years are read, the program prints the answers. 


A number of program runs were made, resulting in too large a 
volume of computer printout to include in this paper. These data 
are stored on magnetic tape and a copy of the printout including 
an estimated 1,600 pages is deposited in the Library, Canadian 


Wildlife Service, Western Region, Fdmonton, Canada. 
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ASSUMPTIONS AND DEFINITIONS USED IN MODEL 
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The Delta was divided into ten subdivisions (Figure 1, with 
subdivisions I and J being grouped into one). The program 
executes a solution for each subdivision as an entire unit. One 
subdivision, or any number of them up to ten, can be run. In 
addition, if A, B and C are all selected, the program stores the 
EesulLtsr in awtotale torethe Albertas portion,and prints this. If EF 
and F are both selected, the program prints the total for the 
Chipewyan Reserve.: If D, G, H, I and J and K are all selected, 
the program prints the total for the Wood Buffalo National Park. 
If all ten subdivisions are selected, the program prints the 


total for the entire Delta. 


BeGLOGICAI TINE PERLODS 
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Fluctuations in water levels affect wildlife populations 
differently depending upon the seasonal cycle of the animal. 
Five time intervals were chosen based on ecological 


Significance: 


Petirod Maye |, toOmMa yest 

Period 2 June 1 to June 30 
Periods 3 Sil yas top August, 14 
Period 4 August 15 to October 14 
Period 5 Octobern 15. torAprids30 


The maior activities of the animals under consideration roughly 


O6 


coincide with one or more of these seasonal categories and it 
was important to have a water level input and a measure of water 
fluctuation for each of these seasons. For example, May 1 - 
October 14 is approximately the open water period on the Delta, 
June 1 - August 14 includes the growing season, May 1 - June 30 
1S approximately the duck nesting season, and October 15 to 
about April 30 is from freeze-up through the critical over- 


wintering period for many of the animals. 


The effect of a water level during a given time period onla 
certain animal “or © habitate ity peas Bivariabtcessthe program 
concentrates on the relationship between the water level of the 


important time period (or periods) and that animal “or” habitat 


type. 


Topographic data were required in order to determine how much of 
the Delta was flooded and to what depth during each of the five 
time ~ periods ~ under  varvous® water ~JevellS-a Ase 1ndicatedaaein 
Appendix I, it was not feasible to survey the entire 1.5 million 
acre Delta and frepare contour maps of sutfiicienteraccunacyeto 
reflect narrow flooding tolerances of the various habitat types. 
As an alternative, sampling was used to obtain the necessary 
information on vertical Tanges)™of =) the habitat zones and the 
depths of basins. This was combined with the information already 
obtained from the aerial photographs indicating numbers of acres 
of each of the major habitat types (Appendix I) and numbers of 


miles of shoreline within each subdivision of the Delta. 


LAKE | 


CLAIRE 


FIG. 1 Subdivisions of the Peace-Athabasca Delta 
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Fach subdivision of the Delta was divided into two sections, the 
open drainage portion and the perched DbaSim dp couron.s = Bor 
computation of wildlife population estimates, Tet pew cus not 
necessary to have a horizontal spatial presentation of the 
information but rather only to know numbers of acres falling 
within each open drainage and closed drainage area. Vertical 
distribution, however, was important in order to keep tra cka@ror 
plant succession, which varied in speed and direction according 
to depth of water. A major assumption of the model was that, 
because of high waters prevailing in the early 1960's, this had 
the effect of vertically crdering habitat types on the landscape 
(Appendix I). The open drainage basin and the perched basins can 
be thought of as shallow saucers with a series of contour levels 
from the bottom to the upper edge of the saucer, each level 
being represented by a habitat type (Figure 2). The model 
assumes the following initial vertical positioning of habitat 
types: 


The lowest contour level to which is 


Contour Level 1 
assigned the open water and 


emergent vegetation. 


Contour Level 2 - Mud flats and immature fen. 
Contour Level 3 - Sedge meadows. 

Contour Level 4 - Grass meadows. 

Contour Level 5 - Low shrub community. 
Contour Level 6 - Tall shrub community. 
Contour Level 7 - Deciduous forest. 


Contour Level 8 - Coniferous forest. 
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In general, the basin bottom represents the Itelevation ToL wiche 
deepest portion of an open drainage lake within the subdivision. 
For ltexanmple,"9 an tsubdivvsion slaw, the basin bottom would be the 
elevation of the deepest recorded part of Lake Claire. The 
boundary between Contour Levels 1 and 2 represents the lake 
level at the time the 1970 aerial photographs were taken. The 
boundary between Contour Levels 2 and 3 represents the water 
level existing during spring 1968 before water levels began _ to 
decline. The boundary between Contour Levels 3 and 4 represents 
the normal full level of perched basins after flood waters have 


receded. 


Because there is no way of determining vertical distribution of 
emergents from aerial phctographs, the model alternates’ the 
vertical allocation of water and emergents within Contour Level 
1. Within Contour Level 2, the mud flats are allocated to the 
lower portion and the immature fen is positioned above the mud 
flats. Table 1 presents the boundary elevations for each of the 
contour levels and the number of acres lying within each level 


for the open drainage areas. 


Within each subdivision there is room in the model for eight 
perched basins, distributed one to each contour level of the 
open drainage system (Figure 3). The perched basin habitat is 
initially distributed in the same order of vertical 


stratification as is the open drainage habitat with the 
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Tapleale, ASeigament, of vertical ‘positions » of open-drainage 
basin acres by habitat type. 
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Contour Level & Subdivision A Subd tv 1S200 ob 
Habitat oo —— ———— 
Elevation Acres Elevation Acres 
Basin Bottom 685.4 686.7 
Water 16,206 1 Ra AS 
Emergents BUZ 85 
Sept. 1970 Water Level 687.5 689.6 
Mud Flats 1,440 4 30 
Imm. Fen POU sit he 
Lower Limit Sedge eis he begs 692.0 
Sedge 258) 400 
Powers dinite Grass 690.6 692.4 
Calamagrostis 186 400 
Pover Ninit L. Shrub 691.4 692.9 
Low Shrub Sy ites) Zh OU 
Hower Limite T. Shrub 695.201 695.2 
Tall Shrub Pea fe AY Zeon 
Lower Limit Deciduous 695-2 698.4 
Deciduous 115 170.00 
Power Linut Coniferous 698.5 Ore 
Coniferous 0 gOTES 
Upper Limit Coniferous 698.6 704.6 


Total Acres O25 Ni A DERG: 9,884 


eeepc cee oe eee cee en ee erate nD SESE eee <u ee ED S S S DES 


(Continued on next page.) 
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Table 1. Continued. 


a ne a ee ee ee TS ES 


Contour Level & Subdivision C Subdivision D 
Habitat —_—- SO eee 
Elevation Acres Elevation Acres 
Basin Bottom Soo) 680.7 
Water Sietone es 3,774 
Emergents 07.0 Api do 
Sept. 1970 Water Level 6386509 683.0 
Mud Flats 143 37420 
Imm. Fen pore ee 24580 
Lower Limit Sedge 688.4 684.5 
Sedge 540 164952 
Lower Limit Grass 689.0 686.5 
Calamagrostis 540 5 79nd 
Tower Inmit GL. Shrub 690.5 60/20 
Lows nrub SD 9,475 
YOver Linviet oan Lup 092.6 683.5 
Tall Shrub A Tete) 1,990 
Lower Limit Deciduous 695.0 6897.3 
Deciduous 113 0 
Lower Limit Coniferous 695.8 690.2 
Coniferous 39 0 
Upper Limit Coniferous 696.7 690.2 
Total Acres 13,968 45,478 


eee ee ee Se ee ee ee 
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(Continued on next page.) 


aoe See 


Oll 


Table 1. Continued. 


Contour Level & Subdivision E Subdivision F 


ee ee ee ee ee ee ee ee ee ee ee ee 


Habitat ed -—-—— -— —-——_ —— 
Elevation Acres Elevation Acres 
Basin Bottom GEUGT 685—:2 
Water Spout 270455 
Emergents Ceecuar 605 
Sept. 1970 Water Level 683.0 6875 
Mud Flats 97384 149 
Imm. Fen fe 2 16 996 
Lower Limit Sedge 684.5 687.4 
Sedge TOT Sul zO 
Lower Limit Grass 68695 688.3 
Calamagrostis 3,847 780 
POWweore Lima te UO eShrub 687.8 688.6 
Low Shrub ae 835 10,090 
Lower Limit» fs "Shrub Pasi e) 690.3 
Tall Shrub 2,540 22009 
Lower Limit Deciduous 689.3 6953.0 
Deciduous 0 414 
Lower Limit Coniferous 69022 69525 
Coniferous 0 i) 
Upper Limit Coniferous 690.2 697.0 
Total Acres 41,431 205908 


ee ee a ee ee ee ee ee ee ee eS see ee Se a ee em eee 


(Continued on next page.) 


Ta be a. Continued. 


Contour Level & 
Habitat 


ee ee ee ee ee ee eee EE ES SS EE SS TS ST 


Basin Bottom 
Water 
Emergents 
Sept. 1970 Water Level 
Mud Flats 
Imm. Fen 
Lower Limit Sedge 
Sedge 
Lower Limit Grass 
Calamagrostis 
Lower Timit LL. 
Low Shrub 
Lower Limit 
Tall Shrub 
Lower Limit 
Deciduous 
Lower Limit 
Coniferous 
Upper Limit 


Total Acres 


Shrub 
ee BOW GUD 
Deciduous 


Coniferous 


Coniferous 


Subdivision G 


Elevation 


eee ee ee ee Se ee ee ee ee ae ee ee oe ee oe oe. 


Acres 
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Subdivision H 


ee re errr ee ee SE <r SS ES AS SS ES TS ED ET SS A SS SD ST 


Elevation Acres 

684.0 
Sepa} 
BeO 25 

686.0 
268 
1S A12 

687-25 
367.35 

688.3 
270115 

689.0 
12090 

SES aes) 
13,014 

69268 
1145563 

694.7 
18,714 

696.2 
P27 


(Continued on next page.) 


O13 


Table 1. Continued. 


Contour Level & Subdivision I-J Subdivision K 


Habitat ee ae ae ee 
Elevation Acres Elevation Acres 
Basin Bottom 679.5 684.0 
Water Sal Zypaar2 1,416 
Emergents T2473 354 
Sept. 1970 Water Level 684.5 6387.5 
Mud Flats Boyes 0 140 
Imm. Fen HOG 229 860 
Lower Limit Sedge BOT. O Spebenry | 
Sedge 18,890 A Pee Pa lis 
Lower Limit Grass 687.7 690.8 
Calamagrostis AST O12 Urea hs) 
Lovet oLrmit le Shrub 689.0 69a 
Low Shrub 1007.¢235 Sere A i 
owen LIN Tf. “Shrub 690.0 Coes 
Bal snob SL Pp oi Me. 6,082 
Lower Limit Deciducus 690.5 he he PT 
Deciduous Se eou 1,609 
Lower Limit Coniferous O92 eo 69505 
Coniferous Geo Zea th 
Upper Limit Coniferous 695.0 696.0 


ee a ee ee me ee a ee ce cree ae ee cee ec ee ee ee ee ee ee ee ae ee ee ee ee ee ee 


Total Acres SIG, oF) 237,018 


ee me ee ee ee ee a ee re ec rr cn ce ce se oe a ee 
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exception that scme of the habitat types may not be present on 
some of the perched basins. Acreages and shoreline were 
allocated by habitat type to each contour level according to the 
percentage OG totam baSins® vin the subdivision weand ache 
distribution of spill levels (Appendix I). Table 2 gives the 
allocation of perched basin acres and ‘Table 3 presents the 
allocation of perched shoreline miles. The lower perched basins 
initially contain water, emergents, mud, immature fen, sedge 
meadow and perhaps grass meadow. Beginning with Contour Level 5, 
low shrub is represented. Beginning with Contour Level 6, tall 
shrub is represented. The perched basin at Level 7 contains 
deciduous forest and the perched basin at Level 8 contains 
deciduous forest and coniferous forest if these habitat types 


are present in the open drainage section. 


Additional topographic information was required for the perched 
basins (Table 4). The highest level of the basin was defined as 
the spill level and it represents the rim of the perched basin 
saucer. Flood waters would have to rise to this height in order 
to fill the basin. A second elevation was required to indicate 
the level to which water in the perched basin recedes following 
flooding. This was defined as the full level and is positioned 
at the initial upper limit of the ~sedqe@ Szone.) PA thie 
requirement was for information on depth of basin, the vertical 


distance from basin bottom to baSin rim or spill level. 
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Table 3. Continued. 
Subdivision G -- Contour level 

Habitat —_—— o-oo > --—--— Oe — 

1 2 3 4 5 6 7 8 TOTAL 
Mud Flats O70 0.0 ‘526 1.6 6.8 6.3 9.4 6.3 Bil ot 
Imm. Fen O50 O.0 O%16 O26 2s oS Shoat) eS) 223 
Meadow O20 0.0 16.78 16.8 67.4 o7 7a 100 Sa 67.4 33720 
Low Shrub OF 0 0.0 1825 1825 S00 ay en) S420 5i5.'0 250.0 oad) 
Tall Shrub 0.0 0.0 Oa) 0.0 OF 0 Stabs! oh eres 3h. i fess fed Sear) 
Deciduous 0.0 05.0 OF40 O=0 0.0 0.0 2243 14.8 7 fs | 
Coniferous On © OO On.0 05.0 OF0 O%s0 0.0 76.6 76.6 
Rock O50 0.0 0-0 OF0 O70 O30 0.0 Thess Ties 
Total 0.0 0.0 3225 3285 ache bs | 168.6 21 yew 37 UR 2 T,002Z55 

Subdivision H -- Contour level 

Habitat a nr et ee rm i ee ce ee een ee ae ee ee 

1 2 3 4 5 6 7 8 TOPAL 
Mud Flats 02:0 OhARO) 0.6 ee aed Shes I 135 0.6 12.2 
Imm. Fen O20 0.0 q.4 S10 Tee) 8.4 (ioe 9 1.4 21-9 
Meadow 05:0 On) AS) ON By Po Sie) 37. 18.9 6.3 Lee) 
Low Shrub 050 0.0 6.8 Lee 343.0 40.8 DO Gris 136.0 
Taw eS hrub Phe, On O..0 OF OF10 yok BH 36 W255 12522 
Deciduous 0.0 0.0 OA) 0.0 O20 05.0 20 TOEIO 567.0 
Coniferous Chee 6. 0.0 0.0 OP0 On D0 0.0 14722 A 32 
Rock O20 O20 O=10 070 0.0 On 070 HA Ce 2 
Total 0.0 Oe0 1.5024 60.4 Vials) 165.87 2H 9 16320 604.6 


(Continued on next page.) 
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Table 3. Continued. 


ee ce a ee es ee SD EE SS ES ES NE SS TS SS SS LS LT TT 
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Subdivision I-J -- Contour level 


Habitat —_—_—_——— —_— + OO nica 

1 2 3 4 5 6 Z 8 TOTAL 
Mud Flats 0.0 21.4 101.6 .6reu, 160). 4 ow pal 48.1 0.0 539.6 
Imm. Fen O20 3076 145.6 23h 22978 5 375.6 68.39 Ono 166. 1 
Meadow 0.0 60.6 2OdieL Ho9e5 “Sass 106.0 136.3 0.0 Teo tte 4 
Low Shrub OF0 3.0.6 1S Zine 22366 eS le 68.9 0:0 E66. 0 
Taltieshrub 0.0 0.0 O30 OG 0.0 ah ale: Vaus2 0.0 268.8 
Deciduous O20 Oe 0 0.0 OFAC 0.0 0:3.0 gore o 0.0 2.0 
Coniferous O20 OO 0.2.9 Sede) Oe” 05.0 O26 0.0 0. 0 
Rock 970 Oiau O20 0.0 Oren0 0.0 Ore 0) Wet Sek 
Total 0.0 LS ez 60024 1. 1104) 10/48 3 368.3 os 25 Sou Big Bice O 

Subdivision K -- Contour level 

Habitat —— ee nw eee 

1 ys 3 4 5 6 v 8 TOTAL 
Mud Flats 02.0 OF8 0.4 O22 On 6 0.8 0.8 0.4 4.0 
Imm. Fen O20 Ss0 4.0 20 660 86,0 8.0 4.0 40.0 
Meadow 0:0 2Hie8 14.4 dred 2 ao 200 Bove os 14.4 144.2 
Low Shrub OG 3aSS ADe2 9.6 28.9 305 Ele wyS 195 2 "Wes 
Tasioshrub 0.0 OO 0.0 0.0 0.0 G9 s2 99.2 49.6 247.9 
Deciduous O20 O50 0.0 O60 O20 OG “6.5 Zee 69.7 
Coniferous 0.0 O20 Oc.0 0.0 O40 0.0 Os 0 13s 3 oe 3 
Rock O70 Ore 0 0.0 GeO 0.0 0.0 0.0 7.9 7.9 
Total 0.0 TA SeM 3001 19:20 om "| IefDte28 Z2ilont ASieel 784.5 
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Table 4. Topographic characteristics assigned to perched basins 
in model, based on topographic surveys cited in 
Appendix Tf. 
Contour Subdivision A Subdivision B 
Level Upper Ful Depth Upper Full Depth 
Edge Elevation (Feet) Edge Elevation (Feet) 
(Spill (Spill 
Level) Level) 
1 On0 0.0 0.0 0.0 0.0 0.0 
2 Ue 0 0.0 0.0 6202 / 690.8 260 
8 OFOs 1 oso | Sire) 69223 69.1.0 3.4 
4 69070 6S9C9 4.5 Seine Gale 4.5 
3 OW 2 690.4 4.8 694.7 6026 5.4 
6 694.3 Cua. Co a 69750 69358 Geir 
a 6914.6 6935.8 Cee OO 6 696.4 8.8 
8 Ost0 00 ORO HOSe2 69'3.08 5.0 
Contour Subdivision C Subdivision D 
Level Upper Furl Depth Upper Full Depth 
Edge Elevation (Feet) Edge Elevation (Feet) 
(Spiil (Spier 
Level) Level) 
1 0.0 0.0 Os 0.0 0.0 0.0 
2 687.8 68720 Zs 0.0 0.0 0.0 
3 688.8 b3Gq 2 IES) 685.6 685s 0 Ce 
4 690. 3 6095.0 Bat eae Jae) 687.0 2.6 
= 692.4 63025 4.1 688.4 Boe & ace 
6 694.5 G9Z.0 Hel 689.0 GBie. 2 Bed 
7 695.4 6932 4.1 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 
Contour Subdivision E Subdivision F 
Level Upper co ES Depth Upper Full Depth 
Edge Elevation (Feet) Edge Elevation (Feet) 
(Sprie (Spr bi 
Level) Level) 
1 Om 0.0 Oa 0 0.0 0.0 0.0 
2 O20 OU 02'0 686.9 686,1 3.2 
3 686.0 60520 Ost 688.0 Giz. 3 Spe, 
uy 687.4 687.0 1.4 688.4 687.9 oat 
2 653.3 exe Pests: 1.9 689.8 687.3 4.5 
6 6e5,-9 6a7.9 PF | 69 12,6 662.5 are 
a Wea 8 050 0.0 694.4 Ooi are 3S giis. 
8 0.0 0.0 0.0 0.0 0.0 0.0 


ere ee ee ee 


ewan aoe ee 


(Continued on next page.) 
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Table 4. Continued. 


ee eee ee ce a nr ee DE SS ES 


Contour Subdivisicn G Subdivision 8 
Level Upper Full Depth Upper Bie Depth 
Edge Elevation (Feet) Edge Elevation (Feet) 
(Spat (Spill 
Level) Level) 
1 020 072.0 O20 0.0 
0-0 0.2.0 
e O20 OQ. 0 O20 0.0 O10 O59 
3 G8'o. 3 6350 4.5 687.9 6a. 0 820 
uy 686.8 SB5s0 bau 688.7 €87.6 4.4 
5 687% 6 686.9 Fl nate 689.8 oa | Sr 18) 
6 639n°5 Satie, 6.0 692.4 69.023 Sec 
“lf 69a 2 688.0 9 20 694.1 692.4 Set 
8 693.4 690% 2 SPs: 69557 6935.6 Ge5 
Contour SubdavisLonbaJ Subdivision K 
Level Upper Full Depth Upper Full Depth 
Edge Elevation (Feet) Edge Elevation (Feet) 
(Spurl (Spi at 
Level) Level) 


ed 


1 0.0 0.0 
686.3 686.1 
Gov oz 686.8 
688.2 687.5 


| 
| 
| 


0.0 0.0 
688.8 68e@.4 
690.4 Sods 4 
Gia 2 690.8 
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The program initially establishes water levels for each of the 
subdivisions in the open drainage portion and on all of the 
perched basins. Water levels for fall 1970 are defined as 
occurring at the boundary between Contour Level 1 and Contour 


Level 2, i-e., the lower limit of the mud flats zone. 


Following this, the program accepts five water levels each year 
representing levels of Lake Athabasca occurring within each of 
whe fave  Scologi calles time’? periods. |For each subdivision, the 
program adjusts the Lake Athabasca levels to compensate for the 
slope of the Delta in relation to rivers flowing into Lake 
Athabasca and the lake itself. Constants used in adjusting open- 
drainage water levels in each subdivision are as follows: 


Constant Added 
to Lake Athabasca 


Subdivision Water Level 
A rte? 
B +4.6 
C ey 
D 0.0 
E 0.0 
F #1.9 
@ 0.0 
H 0.0 
I-J 0.0 
K #382 


Fluctuations in water levels within a time period can _ be 


O28 


critical to wildlife productivity. In nature, these fluctuations 
are caused by wind setup or seiches and #Dyss pncreased “or 
decreased flows into and out of Lake Athabasca. The program 
accepts a maximum level anda minimum level for each of the five 
time periods of the ecological year. The maximum level is 
defined as that level which is exceeded ten percent of the time 
in the time period. The minimum level is defined as the level 
which is exceeded 90 percent of the time within the time period. 
Table 5 presents the values used in the various computer runs 


for water fluctuation within each time period. 


Water level changes occurring in each of the perched basins are 
more complicated. These basins are flooded or filled depending 
upon the elevation of the open-drainage water level. Perched 
basin levels are adjusted during each of the five time periods 
as required. If the open-drainage water level exceeds the spill 
level of the basin, the perched basin is flooded “during “that 
time period to the water level of the open drainage basin. 
Following the flooded condition, if the open-drainage -water 
level recedes to below the perched basin spill level, the 
perched basin water level recedes to the defined full level. The 
full level, as previously mentioned, is the level of the upper 


edge of the sedge meadow in non 


Fach year, if the perched basins are not flooded, water levels 
decrease by an amount which results in a constant decrease in 
acres flooded and a constant reduction in shoreline length as 


follows: 
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Subdivision Annual Percentage 
Evaporation Loss 


A 8 
B t 
c 12 
D i 
E Ne 
: 10 
G cl, 
H a 
ee) ee 
K 7 


Shoreline length for a full perched basin was determined by the 
following relaticnship: 
1009 (C1970 > feng en. ) 


Full Length = a ee a 
[ 100 - 3 (Percentage Evap. Loss) ] 


The constant '3' was used because three summers had passed 
without refilling the perched basins, and hence the 1970 shore 
length had been reduced from the full level by three times the 


average annual evarforation loss. 


Given no filling for a number of years, the basin continues to 
lose water annually (occurring on May 1) at the same rate until 
it is defined as being dry. When that occurs, the shoreline 
miles equals zero and the area above water equals the total 
acreage of the perched basin. Water in a perched basin does not 


recede below the defined full level if the basin was flooded 
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during either time period 4 or 5 of the previous year. There are 
assumed to be no maximum and minimum fluctuations on the perched 
basins unless the basin is flooded because fluctuations on small 


perched basins are negligible for ecological purposes. 
SIMULATING PLANT SUCCESSION 


Following the allocation cf the initial habitat types to the 
various contour levels, the program updates the habitat on each 
of the contours of each open drainage and perched basin portion 
of the subdivision. Plant succession advances, is retarded, or 
remains the same depending upon the depth or absence of water on 
each contour level during the growing season (time periods 2 and 
3). The general sequence of succession for habitat above water 
is shown in Figure 4. The programming of succession involved 
assigning each contour acreage an identification numker coded as 
an individual habitat type (Table 6). The model begins with the 
year 1970 with the water areas identified as 101, emergents as 
102, and mud as 104. Immature fen begins as 106, the second year 
of growth, since this community has been in existence for two 
Years. sfOL Brice pre 1966 communities Carexipvegins --as 6-152, 
Celadiagvos: Seas oe LOW Psirub @ias 169," @talbweshruby as 6.117, 


deciduous as 142 and coniferous as 143. 


Each year that the plant community is not flooded during the 
growing season (time period 2 or 3), the habitat advances one 
number until it reaches the end of the eee (Table 6). Thus, 
water 101 advances to mud 104 to immature fen 105 and proceeds 


serially through 140 as lcng as the ground is not flcoded. Sedge 


Table 6. 
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Succession on recently 


Coding 
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model for succession above water. 


exposed areas 


101 
102 
103 
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OW 
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10 
Atel 
Mle 
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a2 
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plant succession portion of computer 


a ne a eS ee i ree ee cece ene Se eee vere come nm ae ce er ee ee ie we ee re en re ae en SE SORE ED EE ee ree meen ee SES eee 


SUCCESSION SUCCESSION 
ON EXPOSED ON 
LAKE BOTTOM MEADOWS 


FIG. 4 Successional Trends expected under conditions of FIG. 5 Successional Trends expected under conditions of 
declining water levels prolonged flooding 
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meadows established prior to 1968 follow the pattern serially 
SLomeletheoughe Vit, wand then transfer to. i116 WhiiCimeLs |talL 
shrub, and proceed through 140. At the end of twenty-five years, 
tall shrub communities ccnvert to deciduous forest (142). There 
is no link between deciduous forest and coniferous forest in the 
present model because this successional step would take many 
years to occur. Pre-1968 communities of Calamagrostis, low shrub 


and tall shrub follow the same advancing pattern as the sedge 


meadows, by advancing from the appropriate initial number. 


The process of plant succession under conditions of prolonged 
flooding is considerably more complicated (Figure 5). Both depth 
of water and duration of flooding during the growing season have 
to be considered. When a habitat type becomes flooded, it is 
assigned one of the code numbers listed in Table 7. For example, 
if tall shrub is flooded by 1.5 feet of water, the habitat type 
Memedetined mas mumber 215. 1f it remains flooded at™that depth 
the following year, it becomes 214 and so on. eto oo Th eet Ne 
following year, the water levels become 2.6 feet deep, the 214 
becomes 314 and then drops down to number 312. Flooding of low 
Shrab ‘community is” similar. if the flooding continues long 
enough to reach the end of the chain the shrub communities are 
considered dead and, depending on depth, Carex or open water 


then replaces then. 


If flooded, deciduous forest and coniferous forest require only 
three years to kill (Table 7). A Calamagrostis community, when 


flooded for more than two years, dies out and becomes a Carex 
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two feet for over seven years, reverts to open water. Immature 
fen communities require only four years to be killed at depths 
two feet and over. Established emergents such as bulrushes, 
Phragmites, etc. withstand flooding for considerable lengths of 
time and require over eleven years at depths of between two to 
three feet before they revert to open water. A greater depth of 
flooding on each of these communities increases the rate of 


killing and, in general, depths of less than one foot maintain 


the flooded community unchanged. 


In actual operation within the model, water fluctuations from 
year to year can shift the community from a flooded condition to 
a terrestrial one and back, thus maintaining a more or less 
steady state by advancing and retarding plant succession. This 
is what has occurred naturally on the Delta, and if these 
alternating high and lcw water years are introduced into the 
model, succession can be seen to be more or fess. "contEoi Leda’ 
However, if the water levels are dropped for a number of years, 
terrestrial succession advances, and the converse occurs if the 
water levels are maintained at a high level for a number of 


years. 


The model accepts the fall 1971 populations of muskratS as the 


starting populations for each subdivision as follows: 
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Subdivision Muskrats 
A 1,000 
B 9,200 
€ 1,500 
D 400 
E 200 
F 15,000 
G 2,300 
H 1,800 
I-J 1, 700 
K 57200 


The sex ratio was assumed to be 1 to 1. The model uses optimum 
production from spring to fall of 14 young per female or 7 young 
per adult. Rising water levels during time periods", 2. and 3 
reduce the optimum production as follows: 


Increasing Water Levels Young Muskrat 
Mortality Rate 


Less than 1.0 Feet 0% 
as Ono eye Sar eteh daDPe 
NE ES lhe 15% 
330-359 Feet 30% 
4,0 Feet + 50% 


Normal summer mortality of adults is 5 percent of the population 
and this occurs just prior to the breeding season. Although a 
rise in water levels during time periods 1, 2 and 3 can cause a 


reduction in production, the water depth per se in summer oS 
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unimportant to the growth of the population, unless there is no 
water at all. If, during the summer, the entire subdivision is 
dry, then the population reduces to a minimum value of 200 


animals composed of 100 ycung and 100 adults. 


The fall population is the sum of the young muskrats remaining 
plus the adults. The winter “populationpmi Ss governed) by seo 
carrying capacity for muskrats over winter. This is determined 
by the number of acres of emergents flooded to certain depths. 
Optimum carrying Capacity is defined as 10 muskrats pereacre or 
emergents. Winter mortality occurs in all muskrat populations, 
and, “in ?iealculatimg the Scarery vg capacity for the marsh over 


winter, the following is the percentage survival: 


Water Depth Percentage Survival 
OMGt= se 30 
1 SEED 40 
estes ee) 50 
3.7 + 70 


Flooded areas less than 0.6 feet deep were not considered to be 


capable of over-wintering muskrats. 


The simulated number of muskrats surviving the winter is 
calculated by allocating the fall population) tow the = availabie 
emergent ‘habitat ~to "a5 maximidm=@ore 10"ani mals per dere. "in wine 
allocation procedure, the best or deepest habitat is occupied 
first and then the process is continued down to the shallowest. 
The fall population is then reduced by using the appropriate 


survival values. The resulting population segments are added 
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togetnep,. the: sim ssetested to see. af at, exceeds . the ,:total 
Garry ing © ecapacit vas POmesthe: Subdivision, aqis, yequated . to . the 
Carrying Capacity ai it does exceed it, and is then stored as 
the number of animals surviving until March of the following 


year. 


Trapping can be simulated in the model if desired. If trapping 
is specified, it is assumed to occur in the spring, acting upon 
theetarch spop ulation and reducing Wt by 50 percent just prior to 
the breeding period. Simulated trapping was kept relatively 
simple and density independent because not enough knowledge was 
available to assign a density dependent relationship to trapping 


rate. 


Subdivision Number of Bison 
D 0 
e 500 
H 1,500 
I-J 7,000 
K 200 


In the subdivisions of the Delta outside of the Wood Buffalo 


National Park the bison population is negligible. 


Population growth was kept very Simple, at a rate cf 4 percent 
per year, because of the lack of information relating population 


growth to water levels. The main purpose of including it in the 
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model is to provide a comparison between the herd size and the 


potential herd size as expressed by carrying capacity. 


The carrying capacity, is calculated» tome winit crs Dye US) 1G anc 
number of acres of forage available above water in each habitat 
type. The only habitat considered forage when flooded is sedge 
meadow inundated to a maximum depth of one foot. The number of 
animal units each habitat type was capable of supporting is 
given in Table 4, Appendix M. Total animal units were summed for 


each subdivision tc produce the carrying capacity for that year. 


Subdivision Numbers of Moose 
A 10 
B 100 
E 25 
D 5 
E 5 
F 100 
c 100 
H 100 
I-J 50 
K 100 


The moose populaticn is considered to grow at a constant rate of 
2 percent annually. Water levels do not have any direct effect 
on the moose population but they indirectly affect the carrying 


Capacity. The main reason for including the moose population in 


O41 


the model was to ccmpare it with the potential population as 


expressed by carrying capacity. 


The carrying capacity is the product of the number of acres of 
the various habitat types times the rating that is given to each 
habitat type as defined in Table 4, Appendix N. The model 
accepts all suitable habitat on the Delta, whether flooded or 
not, Since moose are browsers and there is food available even 
at) tilcoded Shrub habitat. Both population and carrying capacity 


are printed for each subdivision each year. 


The following production densities per mile of shoreline habitat 
were used as input to the waterfowl model (from Figures 2 and 3, 


Appendix K): 


Shoreline Type Dabblers Divers 
Mud flats 24.9 Os 
Immature fen Lles Sate 
Meadow 48.9 1gSs 
Low Shrub aed bed) S14 
Tate ovr ud B6..0 42.4 
Deciduous lon So. oD 
Coniferous ue bese 34.1 
Rock Outcrop Ze 0.0 


These population densities are near optimum because they were 
determined during a year in which flooding during the breeding 
season was minimal and they reflect production on basins which 


held water throughout the nesting and rearing season. Less than 
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optimum production could be expected under conditions of 
fluctuating water levels during time periods 1 and 2 and the 


following limiting conditions were applied: 


Increasing Water Levels Survival Rate 
Less than 0.5 Feet 100% 
OR) Pe eee 15% 
li ee—ee le hee 50% 
200 Feet: + 0% 
Decreasing Water Levels Survival Rate 
Less than 1.0 Feet 100% 
Greater than 1.0 Feet 75% 


It was necessary to relate waterfowl. production, to length of 
shoreline rather than area of habitat, and the procedure given 
under ‘SIMULATING HYDROLOGIC PROCESSES' was used to determine 
the total length of shoreline available for nesting waterfowl at 
the beginning of time period 1 each year. However, no clearcut 
method was available for determining what habitat types would 
comprise the shoreline under changing water levels each year. 
The problem occurs because, under actual conditions on the 
Delta, there are several hundred perched basins comprising a 
variety of shoreline habitat types at any one time, whereas in 
the model there are only eight perched basins permissible per 
subdivision and only one shoreline habitat type permitted per 


perched basin during any feriod of time. 


In order to approximate the natural situation, the following 


procedure for determining the "average" shoreline habitat 
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condition on each perched basin was used. First, an initial 
ratio relationship between area and shoreline length of each 
habitat type was calculated for the 1970 conditions for non- 
flooded habitat types. It is assumed that this ratio 
relationship continues to hold following changes in water 
fevelc. that is, the length “of Shoreline available for each 
hebitatas t VPeu siSeaproportiondl._.fto the non-flooded area of that 
habitat type. For each year, the model totals the number of 
acres of each habitat type above water, converts using the 
acre:mile ratios to shoreline length, and expresses each habitat 
length as a percentage of the sum of all. Waterfowl densities 
for each shoreline habitat type are then applied to the 
percentages tc give a weighted average value per mile of 


shoreline. 


A further refinement was considered necessary for dabblers 
because their presence along a shoreline is influenced by one or 
more habitat types back from the actual shoreline where they 
build their nests. For each perched basin, the model determines 
the habitat type where the current water lime rests. =& [his 
habitat type is oaiven a proximity rating Of V0." The adjacent 
habitat type further up the landscape is assigned a proximity 
fering OL 4%, and all” of the remaining habitat types above this 
one are assigned a rating of 1. These weighting factors are 
applied to the appropriate habitat density values calculated 
above, and each expressed as a percentage of tie “sium Of ~ald. 


Fach habitat density percentage is then multiplied by the total 


shore miles available as determined in the section SIMULATING 
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HYDROLOGIC PROCESSES, and the results are totalled. 


For calculation cf diver productivity, the model uses the 
habitat type existing at the shoreline edge because diving ducks 
nest either in emergents or along the immediate edge of the 


basin. 


Numbers of fall-staging waterfowl were believed to be too 
variable to express in terms of birds per habitat acre because 
the birds often crowd into small areas and because habitat 
elsewhere, OL sWeather patlLerns amd cce concentrations and 
duration of stay on the Delta. It was decided therefore to 
concentrate on quantifying fall-staging habitat only in order to 
perceive some measure of attractiveness under various water 
regimes. Fall-staging habitat was defined as the sum of acres of 


mud flat and first-year immature fen existing in time period 4. 
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SIMULATING MANAGEMENT OF WILDLIFE RESOURCES 


One of the objectives of the Delta Project study was to 
determine water level regimes that would be most suitable for 
Maxinizing “Wildlife” prodiction.s “This! -aspect* ’wassnever fully 
explored, mainly because, as the study progressed, the emphasis 
Ghanged to the consideration of restoration of the Delta to 
natural conditions. Within National Park boundaries, the goal is 
to maintain natural conditions wherever possible. In other parts 
of the Delta, however, management of wildlife resources can _ be 
undertaken, and the simulation model can be used as a technique 
to determine best water level regimes for various forms of 


Wiidiite ahd their habitat. 


A number of computer model runs were made on one or more 
Subdivisions to test the effects of water-level changes on 
wildlife populaticns. Figure 6 illustrates the relationship of 
Jength of perched basin shoreline to water levels. It 
demonstrates the importance of periodic flooding to maintaining 
shoreline conditions vital to wildlife production and ecological 
diversity. If Lake Athabasca levels are held high, as during 
Years 2 through 5, shoreline length is decreased because many 
small basins combine into a few large basins. A return to lower 
lake levels (Year 6) causes surrounding perched basins to 
separate into individual basins once more, and total shoreline 
distance increases substantially. Evaporation and seepage occur 
every year, and during Years 6 through 9 the basins gradually 
recede, reducing total shoreline length. During the summer of 


Year 10 flooding occurs again, filling most basins, thus 
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increasing shoreline length during Year 11. Given no significant 
flooding after that, shoreline length gradually decreases in 


Years 12 echroughe >. 


Figure 7 depicts the relationship between water levels and plant 
succession in the Claire+Mamawi complex (IJ) of the Delta, as 
produced by the computer trun of the previous example. 
Approximately 38,000 acres of emergents are available in Year 1, 
but’ this “iinereases greatlyrin»"Yeaust)2psthroughve > # because Bor 
flooding, mainly at the expense of sedge and grass meadow 
habitats which beccme inundated during these flood years. When 
water in Lake Athabasca is lowered during Years 6 through 9 the 
meadows have decreased in area compared to Year 1, because some 
have died out and become open water or exposed mud flat in Year 
6. Plant succession gradually converts immature fen in Years 6 
and 7 to meadow in Year 8, and emergents are disappearing slowly 
as the vegetation in the perched basins becomes stranded due to 
evaporation and lack of refilling by flood waters. Shrub habitat 


gradually increases during this sequence of years. 


Tt is confirmed from this example and other program runs that 
the presence of any given combination of habitat types on the 
Delta is only temporary. Plant distribution changes with time 
because plant succession is controlled to a large extent by past 
and present water level events on the Delta. While water levels 
on Lake Athabasca appear to be largely independent of each other 
between years, the same is, of course, not true fOr wep Late 
distribution. For example, low water levels for several summers 


in a row can turn portions of exposed marsh bottom into a 
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vegetated community which may persists Lobnycars< lherert ore, 
because many of the ecological events are serially correlated 
with the past it was often necessary to make several computer 
runs to get “average" results, beginning the sequence with high 
years on one run, low years on another, and average years ona 
third. This was one way of assessing impact of possible future 


water levels on the Delta. 
WATERFOWL 


Figure 8 shows the projected relationship of water levels in the 
Claire-Mamawi complex to waterfowl habitat and numbers, using 
the computer model. Production 1s influenced by both the amount 
of shoreline present on May 1 and the changes in water levels 
occurring during the nesting season, May 1» -through .June 30. 
preing, the “first. five years the number of ducks produced 
compared with the number of shore miles available is fairly 
small because of large water level fluctuations during the 
nesting season. During Years 6 through 9 production compares 
favorably with shore miles, indicating high nesting success 
under fairly constant summer water levels. During Years tt =to 
ieee Oroduc tions 1S Seen 720 gradually decline as the shore miles 


disappear because of lack cf reflooding. 


Fall-staging waterfowl habitat is seen to beliagunctroniof water 
levels and stage of plant succession (Figure 8, green bar graph 
each year). Preferred habitat, defined as either mud flat or 
immature fen, is used mainly by dabblers and geese to feed and 


rest. As expected, during high water years, this type of habitat 
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is greatly reduced, but during low water years preceded by high 
ones, an abundance of mud flat exists (see Year 6). Luring years 
when very little water fluctuation occurs, few mud flats are 
exposed and the amount of habitat for fall-staging waterfowl 


declines. 


Management of the Delta to increase waterfowl production would 
stress the avoid the increase of water levels significantly 
during time periods 1 and 2. The perched basins which appear to 
require reflooding at intervals of three to five years would 
have to be filled during scme other time period, perhaps during 
fall. High water levels during fall would not be optimum for 
holding large concentraticns of migrant birds. However, under a 
compartmentation system, certain areas could be left with low 
water levels, thus attracting fall migrants. Under any kind of a 
management scheme, vegetation succession would have to _ be 
monitored so that undesirable changes in plant communities would 
NOEVOCCUE. 


MUSKRATS 


ve 


Figure 9 presents results of one run on the Claire-Mamawi 
complex, using the same water levels as the previous examples 
and showing muskrat overwinter carrying capacity (bar graph) and 
the muskrat population each year (red line). The population 
begins at a very low level, starting in 1971, and grows slowly 
at first, even while experiencing optimum winter conditions. 
Thus, in. Yearso2 through 5 there is) much more; habitat available 


in the form of emergent vegetation than required for the 


YEARS FOLLOWING 1971 


688 — 40 
= 6sck Meas D 
a = 2 oS 
= 684 QO 
=< -10 < 
w iL 
3 682 —0 O 
Z = 602 
E 690 = 

v4 _ ) 
oS 
Qa 688 = — 40 D 
Lu 4 oO 
g ee: 
Q 686 a ay 
re) oe SITE 
~ 684 Zz 
n ace 
a 682 -~0O - 
[S) a greta 
em | 5 cs 
Qa 690 =e ef 
ie: 

688 — 40 


LAKE LEVELS 
SHORE MILES (MAY 1) 
DUCKS 

FALL HABITAT 


FIG. 8 Waterfowl Habitat and Production in response to lake levels in the Claire-Mamawi complex 
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FIG. 9 Muskrat Carrying Capacity and Population in response to water levels in the Claire-Mamawi complex 
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expanding populaticn. As winter water levels decline during 
Means Gethimougnes|0, —. ihe 2 amount -.of habitat that can Support 
muskrats declines also (lower bar graphs), but the population 
still is generally below the carrying capacity. Following Year 
10 when most perched basins are refilled, and in Years 11 
through 12, the higher winter levels support greater numbers of 
mesckiatsceandethc  mopulaticn continues to grow. <After Year 12 <a 
substantial mortality occurs over winter due to reduced carrying 
capacity, and even though the population is still on the 
increase, the rate of increase is declining. Population growth 
in this example was based on an assumption of three years 


without trapping followed by trapping after Year 3. 


Gritical topther success of muskrat as ‘sufficient= depth. in ..the 
perched marshes and ponds val allow winter survival of the 
anamalsss Also  amportant..i7s ithe. .need to maintain suitable 
vigorous growth of emergent cover, which implies reducing water 
levels during the growing season so that maximum growth of 
emergent plants can be achieved. Water levels on managed marshes 


could then be increased tc safe depths as fall approaches. 


Periodic drawdowns on the marsh might become necessary if 
vegetation deteriorates over a period of years. Under a 
compartmentation system, drawdowns could be rctated from 
compartment tc ccmpartment so that a good portion cf the Delta 


would be producing muskrats each year. 


It is evident from several runs of the computer model, that with 


proper development and management of the marsh, populations of 
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muskrats could be achieved well in excess of historical numbers. 
Such development however, would be costly in terms of dikes, 
dams and perhaps pumping, and would have to be confined to areas 


Outside OL the National Park. 


The computer model calculated carrying capacity of bison on the 
Delta only for the winter period, and is based on the amount of 
forage above water in each habitat type (Figure 10, bar graph). 
It does not take into account forage unavailable due to snow 
cover, and therefore probably overestimates the figure. The 


model also includes population growth of the herd. 


Carrying capacity, of course, varies from year to year, based on 
the amount of non-flooded habitat and upon successional stages. 
Thus, during years of extreme flooding, the available summer 
range for biscn couwld be severely reduced, and bison would be 
forced to graze heavily at the higher elevations or else migrate 


to other parts of the Park. 


The perpetuation of vast grass and sedge meadows on the Delta is 
due to periodic flooding during summer which prevents willow 
encroachment. A permanent trend toward more stable water levels 
of Lake Athabasca would consequently bring about a reduction in 
the amount of grass and sedge habitat on the Delta. This would 


eventually lead to a reduction in the bison herd on the Delta. 
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FIG. 10 Bison carrying Capacity and Population, related to water levels in the Claire-Mamawi 


complex 
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From the model runs, the carrying capacity for moose on the 
Delta fluctuates between approximately 3,500 and 4,000 animals. 
Water level changes do not seem to change the values 
SigntricancLy saw th an pnatard I starting population of 
approximately 600 animals, the population is well below the 
carrying capacity. Management techniques other than water level 
Manipulation are required if it is desired to Significantly 


increase the moose population. 
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COMPARING NATURAL AND MODIFIED WATER REGIMES 


One of the purposes of the wildlife model was toc determine 
whether or nct future operation cf the Bennett Dam would change 
the water regime of the Delta sufficiently enough to affect the 
production of major wildlife species. In other words, what is 
the predicted long-term impact of the modified regime on the 
future wildlife resources of the Delta? The hydrology simulation 
model provided an indication of how the Bennett Dam would have 
altered Lake Athabasca water levels during the 12-year period 
1960-71 if the dam had been in operation during this period 
(Volume 1, Appendix E). This was the only period of record from 
which this type cf comparison could be made, because, although 
water level records extending back 35 years are available, data 
on flows required for this analysis are not complete before 


1960. 


In order to use the model in a predictive way, the simulated 
Lake Athabasca levels from the 1960-71 record were adapted for 
input to the wildlife model. It is not possible to predict 
future water level events for any specific year or group of 
years. However, using the past as a guide, it is possible to 
assign probabilities to occurrences of particular ranges of 
water levels on Lake Athabasca. The 35-year record from 193 5=7 1 
was considered typical of past conditions, since a number of 
parameters of this record agree fairly closely with those of the 
157-year record derived from tree-ring analysis (Volume 1, 
Appendix P). Within the 35-year record there are periods of low- 


water years and periods of high-water years along with average 
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years. Since this 35-year record is more representative of what 
is likely to happen on Lake Athabasca than is the 12-year record 
beginning in 1960, it was highly desirable to use it as the pool 


from which individual years were chosen for the simulation run. 


Hea Group, the '2 years represent higher than average levels, 
although one or two years approach average conditions. 
Therefore, in making up sequences of water level events for the 
wildlife model, the 35-year record was used as the basis for 
frequency of occurrence of average, below average, and above 
average years, while the actual pairs of yearly graphs were 
drawn from the 12-year pocl, with each year chosen being the one 
that most closely approximated the selected year in the 35-year 
record. Table 8 gives the years selected to represent thev35 


year record. 


To convert water levels for input to the simulation model, five- 
day means from the simulated hydrographs were grouped into the 
ecological time periods and the average water level for each 
time period was computed. Then the peak five-day level for each 
year was determined and this value replaced the average level of 
the time period in which the annual peak level occurted. — This 
substitution was necessary to simulate more accurately the 
flooding of all perched basins within range of the flood peak. 
Table 2 presents the adjusted simulated natural levels and Table 
10 gives the modified levels resulting from simulated operation 
of the Bennett Dam. These were pools from which individual years 


were chosen to make up input for runs of the wildlife model. 
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Table 8. Years chosen from the 12-year pool to represent the 
35-year record. 


ence cee ae ee ee ce re a see ee a ee ee ee a ee a ae a ee a en oe ee 


Actual Year Actual year 
Year Chosen Year Chosen 
isa 1°68 ak Shes: 1968 
1938 1970 1956 1970 
1939 1970 11:9 5x7, 1970 
1940 1969 T958 1968 
1941 1970 1959 1969 
1942 1968 1960 1960 
1943 1°68 1961 1961 
1944 1970 1962 1962 
1945 1969 1963 1963 
1946 1970 1964 1964 
1947 1969 1965 1965 
1948 1971 1966 1966 
1949 1970 Lo67. 1967 
1950 1970 1968 1968 
1951 IGS 1969 1969 
1952 1970 1970 1970 
1953 1970 1971 1971 
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Table 9. Simulated water levels of natural regime, from which 
individual years were chosen to make program runs. 


SS a ee ere ee ee ees ro re es ae ee ee ee ee cme ees Se ee ee ee eee ec ee ee ee ee 


Year Ecological Time Period 

eno ws se a pe ee 
1960 632.77, 685E5 6892 2 688. 3 685.8 
1961 6855.9 6ScnsS 6.596 a 666R3 G82ae 
Ao 62 63350 686.8 69071 68954 684.8 
1963 G86N5 688.8 689.4 68/23 68322 
1964 63355 686.7 689.5 6900 685.16 
M65 686.5 B8oe9 B9124 689R 2 684.9 
1966 685.6 687n GOs 688 .4 684.2 
1967 684.9 688.6 690.4 688.1 6GBn 
196.8 OGsr.5 686.4 688.7 686.7 Siok, 
1969 635577 687.4 686.4 684.5 Gb25 0 
1970 683.3 685.4 687%. 3 665, 2 683.,0 
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Table 10. Simulated water levels of modified regime (Bennett Dam 
in operation), from which individual years were chosen 
to make frogram runs. 


year Fcological Time Period 

1 ves; = 4 - 2 i 
ee = SR snr 
1960 683.9 685.4 686.9 686.6 685-.4/ 
1961 687.3 687.0 686.4 685.4 68/22 6 
1962 6855 687.4 688. 3 6S) <a 684.8 
1963 687.4 688.4 6S Jao 666%5a1 6B3R 
1964 Goon 686.3 6386.2 686.0 63aew 
7265 687.7 688.6 68983 6S 6052 
1966 687.0 688.0 687.5 68720 684.5 
1 oT 686.6 635" 688.1 686.8 683.9 
1968 685.4 868.0 686.8 685.5 684.2 
1969 687.6 esha 69529 684.2 682.5 
Ter 684.1 684.1 684.4 633.83 aps as F 


cee ce a cee ee ce > Se a ee a re a eee ee ee a ee 
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Evaluation of changes resulting from operation of the Bennett 
Dam involved making comparative runs of the model for both the 
natural and the modified condition, using identical sequences of 
years. Nine comparative runs were assembled to simulate a number 
of possible ccmbinations cf water level events for the future 
(Table 11). Appendix 1 contains the water level input used for 
each run, and Appendix 2 includes the average annual production 
of various wildlife rescurces resulting from these regimes. 
Comparative Run E, a random selection of 35 years, was chosen 
for illustration, and subsequent graphs used in this paper of 
the wildlife production result from these hydrographs (Figure 


aN Vie 


Under the modified regime that results from full operation of 
the Bennett Dam, fewer of the perched basins will be filled as 
often as they were in the past (Figure 12). Shore miles of 
perched basins on the Delta are expected to decrease by 
approximately 50 percent (Table 12). Water levels in these 
basins will undergce more frequent and greater reduction due _ to 
evaporation and transpiration. This will cause plant succession 
to proceed uninterrupted for longer stretches of time and will, 
OT example, allow willow communities to become better 
established before the reflooding cycle repeats itself. The net 
effect will be that these portions of the Delta will age more 


rapidly than they would under natural conditions. 


The reduction in midsummer flooding under the modified regime 
will improve hatching success on the Delta, but the reduction in 


frequency of refilling the perched basins and its effect on 
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Table 11. Listing of wildlife simulation program runs.* 
GROUP RUN COMPRISED OF: 

1. Natural Regime 

2. Modified Regime (Bennett Dam in operation) 

3. Proposed Rochers River Weir 

4. Proposed Rochers River Const. LoL Lon 

5. Proposed Slave River Constriction 
GROUP RUN DESCREPTILON 


Ae a ES aS ED ES eS 


A 35 years, repeating the 35 years in sequence from 1935- 
70, fluctuations of water levels within time periods on 
all experimental groups (Bennett Dam, Rochers Weir, 
etc.) the same as for Natural. 


B 35 years, repeating the last 12 years (high years) three 
times, fluctuations of water levels within time periods 
on all experimental groups the same as for Natural. 


ic 35 years, repeating a low-water period of 12 years from 
1948-59 three times, fluctuations of water levels within 
time periods on all experimental groups the same as for 
Natural. 


D 35 years, rerun of "A", except using variable ranges in 
fluctuations of water levels within time periods most 
likely to cccur in each experimental group. 


E 35 years, random selection of years from 35-year pool of 
ASS I= 11, using best approximation of ranges in 
fluctuations of water levels within time periods. 


E 35 years, repeating high years of 1960s first, -tveu 
sequence from 1935 on, using best approximation of 
ranges in fluctuations of water levels within time 
periods. 


G 70 «¥.eaEs,  nétinec! =0fo0up ww een additional years 
drawn at random from pool of 1937-71, using best 
approximation of fluctuations of water levels within 
time periods. 


H 70 years, rerun of random group "E" plus an additional 
35 years drawn at random from pool of 1935-71, using 
best approximaticn of fluctuations of water levels 
within time periods. 


i 15 years, selected levels used for demonstration of the 
model output. 


ECE 35 years, rerun of "A" with Bennett Dam regime water 
levels and simulating ice dam on Rochers River every 4, 
SP LONandmada Vea te. 


—— naan 


ees eo ees eee ee ee ee ee cee ee ee er ee a ee ee ee ee << 


*See Appendix 1 for water levels used. 
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11 Run E, 35 years of simulated Lake Athabasca water levels 
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Table 12. Shoreline miles of perched basins resulting from 
several simulation program runs comparing natural 
regime with modified regime. 


ee ee ce ee ce ce ce ee ee re atl a ce ce te ee ee ee ee eS Se ee Se SS ee eS eS a ES SD 


Mean Yearly 
May Shoreline Decrease Due 
Simulation in Miles Under to Modified 
Program Run Natural Regime Regime 
RUN D =~ 35 years Sago) 50% 
Hone so years Bilal. s, 51% 
RUN 1 =35 “years 5,948 50% 
RUN G - 70 years oat 53% 


RUN —=/0' years 5,447 54% 


eee ers ec re er re ee ge ee rs ee ee ee 
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Shoreline length described above will reduce suitable edge for 
nesting waterfowl. Duck production is expected to decline by 
approximately 20-25 percent due to the modified regime (Figure 
13, Table;,,.13). Diver losses ,wills be°Fin “the, order ote 3-2 
percent, while dabbler precduction is expected to decrease by 25- 


30 percent. 


Under the modified regime the bison population will not be 
affected immediately because the population is presently well 
below the carrying capacity of the Delta. However, the long-term 
trend will be a decline in the carrying capacity for bison 
because of accelerated plant succession which will occur in the 
meadows due to less frequent flooding. The results from the 
Simulation runs do not indicate a significant long-term 
reduction in carrying capacity (Table 14). This is probably due 
to fairly high ratings given the shrub habitat which has 
understory of grasses and sedges. The change from meadow to 


shrub habitat, however, will be significant. 


The average size of the muskrat population under the modified 
regime will be lower than in the past, but not as low as during 
the last four years. Reduction in population is predicted 
because of the reduced winter carrying capacity caused by 
generally shallower perched basins and marshes. Fstimates of 
reduced carrying capacity range from 40-56 percent (Table 15). 
Decreases in the fall muskrat population are expected to range 
from 41 percent to as high as 66 percent under the modified 


regime compared with the natural regime (Table 15, Figure 14). 


SHORELINE MILES 


DUCKS PRODUCED (THOUSANDS ) 


YEARS FOLLOWING 1971 


SHORELINE MILES 


o———====8 NATURAL REGIME FIG. 12 Perched Basin Shoreline Miles, Simulated Run E 
————. MODIFIED REGIME (BENNETT DAM IN OPERATION) 


YEARS FOLLOWING 1971 


DUCKS PRODUCED (THOUSANDS) 


o————- NATURAL REGIME FIG. 13 Ducks Produced, Simulation run E 
——— MODIFIED REGIME (BENNETT DAM IN OPERATION) 
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Pablewis. puck, production resulting from several simulation 
program runs comparing natural regime with modified 


regime. 
Mean Yearly 
Ducks Produced Decrease Due 
Simulation Under Natural to Modified 
Program Run Regime Regime 
RUN D - 35 years 293,000 2U% 
RUN« & —-13> years BUS 0 00 26% 
iNet Soe years 298,000 25% 
RUN G - 70 years 211,000 19% 


RUN H - 70 years 281,000 20% 


eS a eS SS A SSS SS a a ae 
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Table 14. Over-winter carrying capacity for bison resulting from 
several simulation runs comparing natural regime with 
modified regime. 


cer es Se ee ee ee ee ee ee ee ee ee eee ee wee ee ee ts eee ee eee 


Mean Yearly 


Carrying Capacity Decrease Due 
Simulation Under Natural to Modified 
Program Run Regime Regime 
RUN D - 35 years Pa S ING 4% 
RUNG bea Soe years 26 00 0% 
RUN F - 35 years 21,300 4% 
RUN G - 70 years 24,300 3% 


RUN H =- 70 years 24,500 O% 


sere cee eee ee Ge ee ee ee Se ee a ee ee eS ee 
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Table 15. Over-winter carrying capacity for muskrats, and fall 
muskrat populations, resulting from several simulation 
program runs comparing natural regime with modified 


regime. 
Mean Yearly 
Carrnyung CapacyTcy Decrease Due 
Simulation Under Natural To Modified 
Program Run Regime Regime 
HUN D —- 35 years 107,000 53% 
RUW E - 35 years 159,000 50% 
RUN F - 35 years 119,000 46% 
RUN G - 70 years 357,000 42h 
RUN H - 70 years 134,000 56% 
ee ae ee ee ee Se ee ee ee es ee ee ee se ee rw em ee a ee SS SS 
Mean Fall 
Muskrat Population Decrease Due 
Simulation Under Natural to Modified 
Program Run Regime Regime 
Petey — 935. years 193,000 66% 
BUN E -)35 years 205,000 56% 
RUN EF —- 35 years ae 0 Oe) 57% 
RUN G - 70 years 184,000 41% 


RUN H - 70 years 29 7,.000 57% 


eee ee errr eee ee i ee ee ie ee ee ce ee ee ce eee ee eS ee Se ee Se ee ee ee ee ee 
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The lower water levels of the modified regime will gradually 
improve habitat for moose because, of their preference for” the 
more advanced stages of plant succession. Estimated improvement 
in, caLclying «capacity issanproxmatelyamiy ~~ percent (Table LG)t 
This’ may,/or may not result “in .an increase in thespopugativon 


which now appears to be controlled by hunting pressure. 
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NATURAL REGIME 
MODIFIED REGIME (BENNETT DAM IN OPERATION) 


FIG. 14 Fall Muskrats Produced, Simulation Run E 
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Table 16. Over-winter carrying capacity for moose resulting from 


several simulaticn program runs comparing natural 
regime with modified regime. 


a a ce a el ee ee Ae a A AE Se a NS IO CO RT ae neray se re ee ee 


Mean Yearly 


Carrying Capacity Increase Due 
Simulation Under Natural to Modified 
Program Run Regime Regime 
ROUNGD) — 350 years sl atstey 16% 
Hosen So years Sy pany 15% 
PUNE — 35 years Sip hendie) 15% 
RUN G - 70 years 37000 19% 
rune) 20 years 4,000 18% 
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ASSESSMENT OF STRUCTURES TO RESTORE NATURAL REGIME 


Another major aspect of the Project study was the assessment of 
alternatives available for restoring the Delta to ‘natural or 
pre-Dam conditions. Engineering studies of possible remedial 
structures were carried out concurrently with ecological studies 
in anticipation of it being concluded that sufficient 
undesirable environmental changes would likely occur without 
remedial action. The choices given most active consideration 
were (Figure 15): 

1. — Gated-—control—structure.on-~Slave_ River. 

2. Gated control structure on Rochers River. 

3. Rock constriction structure on Slave River. 

4. Rock constriction on Rochers River. 

5. Rock weir structure on Rochers River. 


6. Ice dam on Rochers River. 


Simulated Lake Athabasca levels were produced for each of the 
above alternatives (Volume 1, Appendix F) except for the ice 
dam. Those produced for the gated control structures resulted in 
regimes considerably higher than the natural regime, and _ they 
did not warrant further testing for suitability. However, 
because these structures would be capable of raising water 
levels higher than desired, it was concluded that with 
modifications to discharge capacity, either could be changed to 
duplicate almost exactly the natural regime, if enough attention 
were given to manipulaticn of gates to achieve this goal. 
Therefore there was no need to Simulate effects of a properly 


managed gated structure, Since the simulated results would be 


ites for Remedial Works 


S 


ive 


FIG. 15 Alternat 
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identical to those of the natural regime. 


For the remaining alternatives, the Slave constriction, Rochers 
constriction, and Rochers weir, a number of wildlife simulation 
runs were assembled. The pool of simulated water levels for the 
12-year period beginning in 1960 was obtained from the hydrology 
Simulation model (Volume 1, Appendix F) and reduced to five 
ecological time periods according to the procedure described for 
simulating the natural regime. These are given in Tables 17,18, 
and 19. Then to make all runs comparable to previous runs of the 
natural and modified regimes, the identical sequences of years 
with their associated water levels were assembled for input to 
the wildlife model (Appendix 1). Comparative group runs D and E 


were used. 


Simulated Lake levels for the Slave constriction, group run KE, 
are given in Figure 16. The structure as designed would flood 
the Delta for a longer time during the growing season than would 
the natural regime and thus would retard plant succession more 
than under natural conditions. This is evidenced by a positive 
departure from natural in the predicted acreage of open water, 
and a negative departure in acres of shrubs and forests (Table 
20). It would restore approximately one-half of the perched 
basin shore miles that are predicted to be lost under the 
modified regime. Waterfowl production would be satisfactorily 
restored, although muskrat habitat and populations would be only 
partly restored (Table 20). Some destruction of moose habitat 


would be anticipated, and bison habitat would be improved. 
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Table 17. Simulated water levels with Slave River constricticn 
in operation, from which individual years were chosen 
to make program runs. 


eee ee ec ee a eS aS SS ES ES ES SE ST LS LT 


Year Ecological Time Period 
Rn? et ee eS 
19:60 684.9 GSO 63. S87 688.3 687.3 
1961 tons) Bo es0 688.4 686.8 684. 1 
1962 687 a2 OGIiss 69056 689.9 686.7 
TIS 68955 6 90a 689.8 GES 72 G85 53 
1964 686.0 6882 688.4 689) 6G Jit 
ches Goong G09 O22 690% 3 63's 
1966 6so'. 3 eo Ora 689.7 Goo et 6 Soars 
1967 GS8ie5 62 0R 690.6 688.8 68 Sea 
1968 681.3 68S8nn 6290 687.4 685.8 
Ness 689.6 680 23 shot ines 686.0 684.0 
1970 685.6 685.4 655.3 684.3 685.0 


Al GEG. 65627 690.0 C8759 684.0 
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Table 18. Simulated water levels with Rochers River constriction 
in operation, from which individual years were chosen 
tc make program runs. 


rc cr cc cc a ce rr ce res ae ce ee ee es ee ee es ees ee ee ee eee 
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Year Ecological Time Period 
ree ee ee 6 th Pe eee 
1960 684.3 686.0 6B).7 Ses 688.2 
1961 6868.8 63976 688.9 688.2 60533 
Le G2 bays 3 689 <2 69074 69025 68756 
1963 689.2 69009 Go9e9 Go ieee 686.4 
1964 687.1 688.2 688.1 639.0 68777 
LI65 689.4 690.4 694.1 enchOEats, 688.0 
1966 688.9 689 .9 63959 69072 687.4 
1967 688 .6 Boas So Oe 690.0 686.9 
1968 687.4 688.1 6eSy1 688.4 686.9 
1969 639 6895 688.6 687.4 685.1 
1970 686.1 6367 68767 686.9 68545 


ce a 686.7 60 tad G20 688.8 685s 1 
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Simulated water levels with Rochers River weir in 
operation, from which individuals years were chosen to 
make program runs. 
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1 2 3 uy = 
684.3 686 .0 Goa) 25 688.9 687.7 
688.2 688 .6 Sasser’ | GEd 0 684.9 
687.0 688.7 689.4 689 w/ 686.7 
688 .6 689.6 689.0 688.2 685.7 
686.5 687 <0 6 Ba 23 688.3 687.0 
688 -2 G59 <7. 690.5 tate ols 687.0 
688.2 689.2 689.0 689 .0 6860.5 
65759 isrshone 689.5 689.0 686.1 
686.8 687.4 688.3 65 26 686.3 
688.9 6383.7 687.8 686.8 684.6 
665.7 686.5 687.6 686.8 6B 9-2 
686.4 687.4 689.5 688.2 684.6 


YEARS FOLLOWING 1971 


ELEVATION OF LAKE ATHABASCA 


a NATURALS REGIME 
-_————" MODIFIED REGIME (BENNETT DAM IN OPERATION) 
o———* SLAVE CONSTRICTION 


FIG. 16 Simulated Lake Levels Resulting from Slave Constriction, Run E 
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The Rochers constriction in operation would raise levels during 
the growing season somewhat above those of the natural regime 
(Figure 17). This would cause plant succession to progress more 
Slowly than under natural conditions, and it would increase the 
acreage of Delta reverting to open water (Table 20). The 
improvement in amount of the productive habitats would be small, 
but the high peak levels would substantially increase the length 
of shoreline by refilling a high percentage of perched basins. 
Waterfowl producticn would be almost completely restored, while 
muskrat populaticns would be only partly restored. Some 
destruction of mocse habitat would occur and the carrying 


capacity for bison would te only slightly changed. 


Simulated Lake levels for the Rochers weir, group tun E, are 
given in Figure 18: .0f the three fixedscrest “alternatives; ee 
weir would come the closest to restoring the natural rate of 
plant succession on the Delta (Table 20). But midsummer peaks 
would not be as high as under natural conditions, and therefore 
complete restoration of natural shore miles would not _ be 
accomplished. Production of waterfowl would be essentially 
completely restored, because the ducks would be more successful 
on account of a“smaller amplitude in flooding, even with fewer 
perched miles available. Muskrat habitat and populations would 
be completely restored (Table 20). A slight reduction in moose 
habitat would occur, but bison carrying capacity would change 


very little. 


A unique method of raising water levels on Lake Athabasca was 


considered in detail by the Delta Project. It involved blocking 
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YEARS FOLLOWING 1971 


1 2 3 4 5 6 7 
8 9 10 "1 12 13 14 
15 16 17 18 19 20 21 
22/ 23 24 25 26 27 28 
29 30 31 32] 33 34 35 


————- NATURAL REGIME 


———— MODIFIED REGIME (BENNETT DAM IN OPERATION) 


o———- ROCHERS CONSTRICTION 


FIG. 17 Simulated Lake Levels Resulting from Rochers Constriction, Run E 
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YEARS FOLLOWING 1971 


ELEVATION OF LAKE ATHABASCA 


—_————-_ NATURAL REGIME 
—————- MODIFIED REGIME (BENNETT DAM IN OPERATION) 
———_ ROCHERS WIER 


FIG. 18 Simulated Lake Levels Resulting from Rochers Weir, Run E 
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the Rochers River during winter with a solid dam of ice 
constructed by using hollow pilings filled with a refrigerant 
kept circulating by cold winter air (Volume i> Appendix? G). The 
dam would be kept in place until mid-July while water increased 
to flood levels and filled the Delta perched lakes, similar to 
the flooding which occurred during several years in the 1960" s. 
The structure would then be destroyed and during the last half 


of summer the lake levels would recede. 


The predicted hydrograph with the ice dam in place was quite 
similar to that of the natural regime, (Volume 1, Appendix G) 
except that water levels would begin rising on Lake Athabasca 
during late winter before breakup. The chief disadvantage of the 
scheme was that the dam would not restore the natural regime 
during years when it was not in place, and would have to. be 
constructed periodically (every few years) in order to provide 


continual improvement over the modified regime. 


The wildlife model was used to test various schedules of ice dam 
placement. Under natural conditions, summer flooding was 
unpredictable, but both beneficial and harmful when it did 
occur. Under the mcdified regime the severity and frequency of 
muoodinde isweeless;asand@ refilbing of athe perched lakes is less 
frequent. Ice dam placement was simulated for intervals of 4, 5, 
6, and 7 years by inserting the ice dam regime into the water 
level series of the mcdified regime for group run A at 
appropriate intervals (Appendix 1). The simulated effects on 
wildlife productivity are compared with those of the natural and 


modified regimes of the same group run A (Table 21). 
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It is evident that waterfowl production could be increased 
considerably over the natural regime if the Delta were flooded 
every four years (Table 21), even at the expense of high nest 
loss during the ice dam years. The length of perched basin 
shoreline averages highest for this sequence. Muskrat production 
would appear to benefit most from flooding every fifth year. 
Moose carrving capacity is greatest under the regulated regime, 
and bison carrying capacity is highest with the ice dam in 


effect every seven years (Table oul By aes 


The high wildlife production under the ice dam regimes is due to 
the regularity in setting back plant succession to early stages 
(mud flats, immature fen, emergents), and the frequent refilling 
of perched lakes important to many of the Delta fauna. These 
regimes must be considered as managed or planned regimes, and 
they depart significantly from the natural regime in which 
timing of flooding is not as redular. If restoration to natural 
is the objective (and this’ as" certainiy ~tc “be “given 
consideration within Wood Buffalo National Park) then the ice 
dam regime is prcbably not an appropriate choice. If sustained 
management of the Delta's wildlife resources becomes the 
objective, then the ice dam regimes given here deserve further 
consideration along with an analysis of the’ cost’ "or “their 


periodic reconstruction. 
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LIMITATIONS OF MODEL) IMPROVEMENTS p OLUER Uo kS 


One of the limitations of this model is the lack of a measurable 
standard sby . which sto judge” creliahbisii ty wotethetrestl ts ihe 
hydrologic model was "calibrated" by using a known series of 
hydrographs with which simulated hydrographs were compared 
(Append: x<C,.4 Volumeye 1) UBut  histouicalepopulati cowedcdtameon 
animals of the Delta were only fragmentary and long records of 
accurate census informaticn would be required to "calibrate" 
using the hydrolcgic approach. The only method available in 
assessing the wildlife mcdel was the careful evaluation of 
results to see if they were biologically and ecologically 
reasonable and withstood a subjective analysis. Long-term 
monitoring of the ecological processes of the Delta would be 
necessary to ultimately judge the precision of the wildlife 


Simulation model. 


It would have been helpful when conducting the comparative tests 
of regimes if the hydrolcgic and wildlife models were joined by 
several programming steps which would have summarized the five- 
day means into the ecological time periods and prepared 
appropriate runs. It would have also been useful tc have the 
major fish species included in the model, since any water 
management decision on the Delta could have an important effect 


on fish populations there. 


Time did not permit a thorough search for water level regimes to 
maximize production for the major species. Even the comparative 


examinations of impacts of structures were restricted to the 12 
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years of water level data of the 1960s. The model could be used 
to test a number of other regimes in order to further explore 
the complicated interrelationships of water levels, plant 
succession and wildlife productivity. For example, long or short 
cycles of dry or wet years could be Simulated. Various marsh 
management practices, including periodic drawdowns of marshes, 
could be tested for short- and long-term effects. With minor 
program modification tc frint results after each year of water 
level input, a ‘manager' could, during one session at the 
computer terminal, decide on water levels a year at a time, and 
make his next year's selection of water levels on the basis of 
the ‘current! productivity Of or trends in the animal 
populations. The use of ccmputer graphics in presentation of 


results could be extremely useful in the analyses. 


The model has another use. Wildlife population data used as 
input could be varied between Successi Ves tmunseato test the 
sensitivity of each parameter and determine how precise the 
census data should be. It may be that time and money could _ be 


saved on subsequent similar studies with this type of analysis. 
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Appendix 1. Water levels used as input for comparative group 
runs. 


| inne 


Group Runs A & D--Natural Regime 


eee ee re eee ee eee 


ee er er ee ee eS se I ES ED ES 


Year Fcological Time Period Trap Year 


1 2 3) 4 5 Code Used 
1971 684.5 686.0 CS..0 686.0 684.0 0 sae 
1972 686.9 688.9 691.4 6/8 9:..2 684.9 1 1965 
1973 686.5 688.9 691.4 689.2 684.9 1 1965 
1974 683.5 686.4 688.7 SOG. i 683.9 1 1968 
1975 ‘oii leat 8S) 685.4 6387.3 6385.zZ 683.0 1 1970 
1976 583.8 685.4 Go7.3 635.2 683.0 1 1970 
ae) 68'5.. 7 687.4 686.4 684.5 682.1 1 1969 
1978 683.38 685.4 687.3 ails) yee? 683.0 1 1970 
1979 563.5 686.4 688.7 686.7 664.0 1 1968 
1980 683.5 686.4 Gooey, 686.7 683.9 1 1968 
1981 683.3 685.4 G33 Cle Sie 664.20 1 ASO 
1982 605.7 687.4 686 .4 684.5 682.1 1 1969 
1983 685...3 685.4 687.8 635.2 683.0 1 1970 
1984 685.7 687.4 686.4 684.5 682.1 1 1969 
1985 683.6 €86.0 690.0 687.4 682.1 1 1971 
1986 685.03 685.4 687.3 655.2 683.0 1 1970 
1987 6383.3 685.4 637.3 GB5 08 683.0 1 1970 
1988 OO 687.4 686.4 684.5 63 2en 1 1969 
1989 683.3 685.4 loysid Aras! 685.2 683.0 1 1970 
1990 683.3 685.4 Goa. 3 685.2 683.0 1 1970 
1991 684.9 688.6 690.4 688.1 683.5 1 1967 
1992 658.5 686. 4 683.7 686.7 683.9 1 1968 
1993 683.3 685. 4 687.3 685.2 683.0 1 1970 
1994 683.38 685.4 687.3 35.2 683.0 1 1970 
1995 6837.5 686.4 688.7 686.7 683.9 1 1968 
1996 685.7 687.4 686.4 684.5 Ga2u! 1 1969 
1997 682.7 685.5 689.2 688.3 685.8 1 1960 
1998 685.9 688.3 689.1 686.3 682.1 1 196 1 
1999 683.7 686.8 690.4 689.1 684.8 1 1962 
2000 686.5 688.8 689.4 687.3 683.2 1 1963 
2001 683.5 686.7 689.5 690.0 685.6 1 1964 
2002 opel Ae 688.9 691.4 689.2 684.9 1 1965 
2003 685.6 650.9 689.2 688.4 684.2 1 1966 
2004 684.9 688.6 690.4 68s". 4 60/3.5 1 1967 
20,0 5, 683.5 686.4 688.7 686.7 683.9 1 1968 
20.06 [stone ree | 687.4 686.4 684.5 G07 1 1 1969 
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(Continued on next page.) 
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Appendix 1. Continued. 


cm a ee ee oe ee ee 


Group Runs A & D--Modified Regime (Bennett Dam) 


eee ee 


eS ee a i a ee ee se ee ee ee ei ee ee ee 


Year Ecological Time Period Trap Year 

1 2 3 4 5 Code Used 
TTA 684.5 686.0 cies t Ae 8 686.0 684.0 0 Lice 
US GE Ts 688.6 63975 687.9 68552 1 1925 
Hera 687.0 688.6 Sek pres! CSTs 685.2 1 1965 
1974 685.4 686.0 686.8 Goo. 68072 1 1968 
1975 684.1 684.1 684 .4 oveleings 68 2.64 1 1970 
1276 684.1 684, 1 684.4 H8323 68267 1 1970 
Tote 687.6 6B7e2 685.0 684.2 68255 1 1969 
RORS 684.1 684.1 684 .4 G233r3 682.7 1 1970 
Wedges 685.4 686.0 686.8 Bos .5 €84.2 1 1968 
1980 685.4 686.0 686.8 Gis Jaa 684.2 1 1968 
1931 684.1 684.1 684 .4 6337.3 682.5 1 4,970 
ASS2 687.6 68762 685.9 684.2 682.5 1 L269 
1983 684.1 684.1 684 .4 683.33 68207 1 1970 
1984 68a. 6 Shen ie 4 685.9 684.2 66255 1 1969 
hISS 684.6 685.4 637.9 686.0 683.9 1 19a 
1236 684.1 684. 1 €84 .4 G@S3 3 68227 1 4,926 
1737 684.1 684.1 684 .4 65374 Go 2s 1 oeeG 
1988 687.6 687.2 69522 684.2 Sis) Macys) 1 1969 
T3989 684.1 684.1 684 .4 623.4 6E2o47 1 427-0 
199¢ 684.1 684.1 684.4 683.3 638207 1 1Oa0 
199" 686.6 685.5 688.1 686.8 633.9 1 1967 
wWg92 685.4 686.0 686.8 635.4 684.2 1 1968 
1993 684.1 684.1 684 .4 GSS Fg 68207 1 1970 
1994 684.1 684.1 €84.4 633.3 68250 1 1970 
1995 685.4 686.0 686.8 Ss toie ee ge 684.2 1 1968 
1996 687.6 Gi tee 695529 684.2 682.5 1 1969 
$997 Dog. €85.4 686.9 686.6 Sis tayes (4 1 1960 
1298 ove 687.90 686.4 685.0 682.6 1 1961 
1299 GBS s5 687.4 688.3 68797 684.8 1 1:96:2 
2000 687.4 688.4 8225 686.1 63.355 1 1963 
2001 68 Se2 686.3 68602 636.7 685.2 1 1964 
2002 687.7 688.6 ETS S) 697.9 63502 j IGS 
2003 687.8 688.0 687.5 687.0 684.5 1 1966 
2004 686.6 688.5 688.1 686.8 603.9 1 1967 
2005 685.4 686.0 686 .8 a tape es 684.2 1 1968 
2006 687 26 667 s2 685.4 684.2 Ga2.o 1 LOG:9 
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(Continued on next page.) 
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Appendix 1. Continued. 
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Group Runs A & D--Proposed Rochers Weir 


ee cee ee es ee eS ES SS EE ED ES DS 


Year Fcological Time Period fra po. cao 

i 2 3 4 5 Code Used 
host 684.5 686.0 687.0 686.0 684.0 0 se 
SAR Re 688.9 689.7 BO. 0 689.7 687.0 1 1965 
Aout 688.9 689.7 690.5 689.7 687.0 1 1965 
1974 686.8 €87.4 688.3 687.6 686.3 1 1968 
gp Rl AS) 685.7 686.5 687.6 686.8 685.2 1 Le0 
1976 685.7 BoG. 2 687.6 686.8 695.2 1 1970 
Aad.7, 686.9 Sets! 6o7.8 686.8 684.6 1 T1969 
1978 685.7 656.5 6g .6 686.8 635.2 1 1970 
A 19 686.8 687.4 688.3 687.6 686.3 1 1968 
1980 686.8 687.4 688.3 687.6 686.3 1 1968 
1981 685.7 686.5 O46. 0 686.8 685.2 1 TSG 
1982 688.9 688.7 S575 686.8 684.6 1 1969 
49.83 S6G5. 7 686. 5 687.6 686.8 685.2 1 1970 
1984 CUS Soo. 7 687.8 686.8 684.6 1 196-9 
1985 686.4 687.4 689.) 688.2 684.6 1 Sat 
1986 685.7 686.5 687.6 686.8 63.9.2 1 1970 
49.87 685.7 686.5 687.6 686.8 685.2 1 BRE) 
1988 688.9 688.7 68/.8 686.8 684.6 1 1969 
19.59 pos. 7 686.5 6a7,.6 686.8 685.2 1 TIT 
1990 685.7 686.5 687.6 686.8 685.2 1 PIG 
3) Boi. o 639). 7 689.5 689.0 686.1 1 E967] 
aes. 2 686.8 687.4 688.3 687.6 686.3 1 1968 
199.3 685.7 686.5 God. 6 686.8 CU te,2 1 1370 
1994 685.7 686.5 687.6 686.8 685.2 1 1970 
1995 686.8 687.4 688.3 687.6 686.3 1 1968 
1396 68.0, 9 688.7 657.8 686.8 684.6 1 1969 
ERNE 684.3 686.0 68h.5 6838.9 687.7 1 1960 
1998 688.2 688.6 688.1 Men pes, 684.9 1 1961 
RE MAS BO. 0 665.7 689.4 Goo! 686.7 i 1962 
2000 688.6 66,976 689).0 688.2 685.7 1 1363 
2001 686.5 687. 5 687.3 688.3 GE. 0 1 1964 
2002 608.9 6391.7 590 > 6,.89)..7 687.0 1 T3965 
2003 G2.8.. 2 G89.. 2 689.0 689.0 686.5 1 1966 
2004 60i7;..9 Go92 7. siste lS sish st aay GGG. 1 1967 
2005 686.8 687.4 ogo 3 C87/..6 686.3 1 1968 
2006 Gaz. 9 688.7 687.8 686.8 684.6 1 iledess, 
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Appendix 1. Continued. 
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Group Runs A & D--Proposed Rochers River Constriction 
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Year Ecological Time Period Trap Year 

1 2 is 4 é Code Used 
1974 684.5 686.0 6879 686.0 684.0 0 coer 
1332 689.4 690.4 694.1 690.8 688.0 1 1965 
1973 689.4 690.4 694.1 Go OiaG 688.0 1 ie Ges 
1974 687.4 688.1 689.1 688.4 686.9 1 1968 
1975 686.1 686.7 68727 Bib. and 68525 1 1320 
1976 6860) €86.7 Bipdie ) 68659 GSan. 1 197.0 
1977 6897] 68935 688.6 687.4 68501 1 1968 
1978 GBorn 683607 ee igi Ge6ag9 eke) 2c S) 1 1970 
NES) 687.4 688.1 6506.) 688.4 686.9 1 1968 
19:85 Goa ao 688.1 etehel a 688.4 686.9 1 1968 
1981 686.1 686.7 687.7 686.9 Ness. 1 1970 
W3G2 689.1 68.955 68856 687.4 stsreina 1 1969 
1983 686.1 686.7 687.7 686.9 GSo eo 1 TSG 
1984 6893u 689.5 688.6 687.4 62200 1 1964 
1985 686% 7 630 o7 (oye Chess: 688.8 65.524 1 1971 
1986 6865 1 686. / ete! Md 686.9 68525 1 T3970 
1987 63681 686.7 6B 77 686.9 68550 1 19ae 
1988 689 au 68975 63.86 6 687.4 685-1 1 jeeler 5) 
1989 GeGe dl 686.7 anh) 5 68609 G8Ho5 1 1970 
1990 686.1 686.7 est th tl 68.659 685-5 1 1970 
1o9n 688.6 690m 3 bo0re S50RC 686.9 1 96a 
RSIS 687.4 688.1 669" 1 688.4 G5 .0n.9 1 1968 
1,993 686.1 C5Ge0/ Gee. / 686.9 (Reto peas) 1 ToG 
1994 686.1 68054) Giciisad Guo. 2 6E525 1 1970 
1995 687.4 688.1 639r J 688.4 686.9 1 1968 
1996 68921 68975 688.6 687.4 685.1 1 1969 
1997 684.3 686.0 68a) 6.89.3 GBioe 2 1 1960 
133938 688.8 Selehey S| (eteksh je) 688.2 GBS s3 1 1961 
1999 68753 689.2 69 05a O05 626 1 TSG 
2000 639.5 2 690.4 689.9 6:39. 2 686.4 1 1963 
2001 687%) 688.2 68.824 689.0 Gea 7 1 1964 
2002 689.4 690.4 694.1 G0s3 688.0 1 19Gs 
2003 bi8Sie.9 Gee 68929 Bis eee 687.4 1 1966 
2004 688.6 6905 3 69055 690.0 G86. 9 1 1967 
2005 687.4 688.1 68954 688.4 6259 1 1968 
2006 6S9.u1 6892.5 688.6 687.4 685. | 1 L969 
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Appendix 1. Continued. 


Group Runs A & D--Proposed Slave River Gonstr 1 cul on 


eee eS ee ee a ES SS SS ED 


eee ee ee ee 


Year Fcological Time Period iia per. car 

1 Z 3 u a Code Used 
1974 684.5 686.0 687.0 686.0 684.0 0 Sta 
a Sel 2 659.9 690.9 ee onl AIO 687.3 1 1965 
tad3 609.9 Bo U.S Seeet 620.5 684.35 1 1965 
1974 ee eee 688.1 639.0 687.4 685.8 1 1968 
1315 B5...6 685. 4 6B5.5 684.3 683.8 1 ew Ae 
1976 BOs 6 €85.4 stele 684.3 6383.8 1 1972 
Idd 689.6 669.3 O57. 9 enslicient) 684.0 1 1969 
1978 685.6 685.4 Do aes 684.3 633.8 1 13790 
aR SRL ES) SSIES) 628. 4 Cao. 0 687.4 685.8 1 1968 
1930 684.3 688.1 609.0 687.4 665.8 1 1968 
1981 609.6 €85.4 650). 5 684.3 eh eusieg ss 1 toru 
1982 657.6 Eg. 3 6o7.0 686.0 684.0 1 1263 
192.3 Gia. GC 685.4 685.3 6843 683.8 1 1370 
1984 6825 6 Coss 3 637.9 686.0 684.0 1 pbsten? 
1935 686.1 686. 9 690.0 687.9 684.0 1 1971 
1986 635.6 685.4 SS oi. 3 684, 3 603.6 1 1970 
1987 685.6 685.4 685.3 684,3 683.8 1 1970 
1988 See RS ee So9.3 627.9 686.0 684.0 1 1969 
1989 585.6 685.4 SSD .3 684.3 663.8 1 VIGO 
1990 685.6 685.4 E30 .3 684.3 62 3..8 1 1970 
1991 BSG. S 690.5 690.6 688.8 oo. 1 1967 
y STS BF Suet aes) 688.1 Gao. 0 687.4 685.8 1 1968 
1993 BU.5 6G 685.4 685.3 684.3 683.8 1 1970 
1994 63.5.6 €85.4 (nets) 684.3 683.8 1 170 
Woe. 687.3 688. 1 689 .0 687.4 685.6 1 1968 
4996 689.6 63954 OSs 2 686.0 684.0 1 1369 
199] 684.9 686.7 688.7 688.3 687.3 a‘ 1960 
1998 609.9 B30.) 688.4 686.8 684.1 1 Alcon s 
USES) BG lie Z 689.3 690.6 Su ShS EARS Gabe, 1 1962 
2000 639.75 EO 50050 688.2 6.53 1 1963 
2001 CoG..9 Soe. Z 688.4 689.1 Gore, 1 1964 
2002 G8 org 690. 9 OC 690.3 GGu 5 1 1965 
2003 Senha! B90. 2 639. 7 MeeaS t spon steps 1 1966 
2004 688.5 690.5 690.6 688.8 GS 5.5 1 1967 
2005 CEL 688. 1 689.0 687.4 685.8 1 1968 
2006 639.26 689.3 nel ie 686.0 684.0 1 iSASes: 
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Appendix 1. Continued. 


me a a ee a et ee 


Group Run B -- Natural Regime 

Year Ecological Time Period Doap seat 

1 2 3 4 3, Code Used 
Leis 684.5 686.0 6B 420 686.0 684.0 0 woes 
1972 682.7 Gao. 689.2 688.3 685.8 1 1960 
1873 Rela ae 688.3 ere lea Ge6.3 Gozeel 1 1961 
1974 ogee lee | 686. 8 690.71 Gao 684.8 1 1962 
1875 GCG. o 688.8 689.4 Geir eM eS 1 1963 
1976 CaaS G26.°7 689.5 690.0 685.6 1 1964 
ASST syeisieas 688.9 691.4 689.2 684.9 1 1965 
1978 63:5).°6 Ga7reg ee shelae 688.4 684.2 1 1966 
ie €84.9 C8 8.96 690.4 Gaunt ste Shae3) 1 1967 
TWO GOs 5 686, 4 688.7 GEG ./ pisheirys! 1 1968 
1981 605.8! 687.4 686.4 684.5 Boren 1 1969 
Wee 68373 685.4 607.3 Geez 683.0 1 he A, 
1983 683.6 C3620 690 20 687.4 Gun! 1 1971 
1984 sua St / BEDS 6392 688.3 eyes ice! 1 1960 
1935 ee o.9 688.3 689.1 686.3 625" 1 19631 
1986 yes yt 686. 8 ay 8 Neel Epes 684.8 1 1962 
1987 oitel Shire 688.8 689.4 S67 .3 Gos .2 1 betes 
VIBE Gos 5 686.7 69°05 690 0 655.'0 1 1964 
19189 656.5 688.9 691.4 Gee 684.9 1 betes: 
1990 SS 5546 Sto aewe) 63952 688.4 684.2 1 1966 
Woe 684.9 688.6 690.4 BS oral (Sie irs) 1 1967 
1992 3 yo oN) 686. 4 636.7 (syel alien’ shone les) 1 1968 
1998 685.7 687.4 686 .4 684.5 Ogi att 1 1969 
1994 Syste. €85.4 69] 23 GBS .2 683.0 1 1970 
19:95 683.°6 686.) 690.0 687.4 682.1 1 To 
1596 one Pap | Sohs. 689.2 G50. 685.8 1 1960 
1997 Sisson, 688.3 689.1 686.3 CBZ 1 1961 
1998 eg oneyrnd i 686.8 GOs GOO. 684.8 1 V962 
133 CE bD 688.8 689.4 G6-.t3 GErs a2 1 1963 
2000 G83 686.7 G59 ).5 69'0'.:0 685.6 1 1964 
2001 GGG) 6g6.9 691.4 (ale hes 2a 684.9 1 pelos, 
2002 685.6 Goreng 63072 688.4 684.2 1 1966 
2003 684.9 688.6 690.4 688.1 ohomeleys) 1 1967 
2004 PETS age 686.4 Stele ad, GSo.7/ 635.9 1 1968 
2005 655 6] 687.4 686.4 by Duress Boel 1 T9649 
2006 eto vl 685.4 657.3 6:85.82 Gee 1 pees 
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Appendix 1. Continued. 
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eer cee 
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Group Run B -- Modified Regime (Bennett Dam) 

year Fcological Time Period Trap Year 

1 i 3 a 5 Code Used 
1971 684.5 686.0 687.0 686.0 684.0 0 ——— 
1972 Cosi €85.4 686 .9 686.6 sistant 1 1960 
1973 Cronies 687.0 686.4 Cao 0 Go2..6 1 1961 
1974 hel gS 0s) 687.4 688.3 GOT. 7 684.8 1 Wb 
USAT Oa) 687.4 688.4 687..5 686.1 ale’ Sie 1 9638 
SAS S862 G86..3 686.2 686.7 66:5; 2 1 1964 
VOT one PAM) 688.6 G3o%3 637.9 Obs. 2 1 965 
i esdite: 687.0 6882.0 GB0s.5 6:377.,0 684.5 1 1966 
rie 686.6 6O8%,5 688.1 686.8 (Sisk Ge) 1 1967 
1980 685.4 686.0 686.8 685.5 684.2 1 1968 
Tet 687.6 6G 7a2 Sie ee, 684.2 Gdi255 1 1969 
we2 684.1 684.1 E84 .4 6.56.3 682.7 1 1970 
"963 684.6 685.4 ee 1) BPs 686.0 633.9 1 1971 
1984 esis! Ame 685.4 686.9 686.6 655. 7 1 1960 
1985 Se! fe) 687.0 686.4 685.0 682.6 1 1961 
1986 G85 ..5 687.4 638.3 637.7 684.8 1 1962 
1987 687.4 688.4 OGiee o 686.1 68325 1 1963 
1988 G8ise,2 Gee..3 686.2 686.7 GiBiaie.2 it 1964 
1989 opent tAey 688.6 689.3 Car. 9 GiGisie 1 165 
13°90 Geae 688.0 oleldiets: 6.67.0 684.5 1 1966 
19971 cele: Ss) 6881.5 isis a 686.8 683.9 1 1967 
ei 685.4 686.0 635.8 6651.9 684.2 1 1968 
1995 687.6 Ge7n 2 635.9 684.2 682.5 1 196-9 
1994 684.1 684.1 684 .4 662.3 CaiZ. / 1 1970 
Sse. 684.6 685. 4 (oie! f/ pas, 686.0 633.9 1 1971 
(shes ste Sheen) €85.4 O30... 9 686.6 63a .7 j 1960 
oo? 687.3 687.0 686.4 685.0 Bier als 1 19641 
1) SSNS: Ga. o 687.4 688..3 Ger. 7 684.8 1 1962 
isis. 43) 687.4 688.4 6GH 5 686.1 Go 3.5 1 1963 
2000 605.2 G86.3 686 <2 Ge Gi. 7, 685.2 1 1964 
2001 Ooi. 4 688. 6 oom. 3 637.9 635.2 1 1965 
2002 OGa..0 688.0 Gols. 687.0 684.5 1 196.6 
2003 686.6 688.5 688.1 686.8 683.9 1 1967 
2004 685.4 686.0 686.8 (SIS a)ree) E84.2 1 1968 
Z00'5 687.6 687.2 635.£ 684.2 Co2.2 1 1969 
2006 684.1 684.1 684 .4 oge..3 622.7, 1 1970 
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Appendix 1. Continued. 


Group Run B -- Proposed Rochers Weir 

Year Fcological Time Period ivap Year 

1 2 3 u D Code Used 
19741 684.5 686.0 687.0 G86 50 684.0 0 4 
1972 684.3 686.0 G57 x 688.9 68a ay 1 1960 
LoS 688.2 €88..6 688.1 6:87 35 684.9 1 1964 
1.97.4 687.0 688.7 689.4 G89 7 686.7 1 19672 
195 60.5 s16 689.6 689 .0 688 32 6:5 277 1 1962 
1976 686.5 BiB 545 Gish ees) 688.3 687.0 1 1964 
17s. 688.9 G89 a 690 35 689.7 687.0 1 1965 
to7-6 6.88 2 68972 689.0 6.389) 5,0 6316-5 1 1966 
TIS Gi ao 689 27 659 35 689 20 6o57s1 1 1967 
1980 686.8 687.4 65822 Gie7 26 len sh ery =) 1 1968 
Te 688.9 (Sisiiol 687 «8 686.8 684.6 1 1963 
1oe2 GSS <9 686.5 687.6 686.8 685 2 1 1970 
1983 686.4 687.4 699 35 6.88 52 684.6 1 pe 7/3 
1984 GGA ws 686.0 GOH 2D 688.9 687.7 1 1960 
1985 O86 a2 688.6 GES 31 Ss TAN, 5 684.9 1 1961 
1986 681770 635a7 689.4 GBOiy/ 686.7 1 1962 
19:87 68356 699°56 689 .0 68522 espe 1 196343 
1988 G86 5 63:7 25 687 33 63823 687.0 1 1964 
1989 she etc Sieheles Tl E90 55 689 -/ 68/20 1 1265 
1930 68:8 72 689 42 689 50 669 20 686.5 1 1966 
T9An Ga one 689.7 G69 25 689.0 686.1 1 US65/, 
1992 686.8 687.4 688.3 687) 56 686.3 1 1968 
1283 60.5.9 G8 <7 Giga 30 686.8 684.6 1 Wee 
1994 é lately J 63:6.9 687.6 686.8 685 <2 1 1970 
1935 686.4 687.4 689 <5 Geb a2 684.6 1 ee aha 
wes 684.3 686.0 687 <5 svevalry | G85) oa 1 1960 
ey Goi a2 G80 -6 688.1 687.5 684.9 1 1961 
1998 GiB 0) 688 ./ 689.4 sy och 62.6 <7 1 1962 
ghee: 688.6 G08 6 689 .0 688 2 e ohalrys| 1 1963 
2000 GiSio.e oie bys) G61 3 688.3 687.0 1 1964 
2001 688.9 60.9 <a Gi,0is es shod) 687.0 1 gisheis, 
2002 GBs 42 G89 <2 689 30 609.50 ete eens) 1 1966 
2003 Gol 39 689.7 689 25 6:89 .0 68.65) 1 1967 
2004 686.8 687.4 65623 687.6 (enemheeys) 1 1968 
2005 688 9 688.7 687.8 686.8 684.6 1 us69 
2006 iol .e7 63:6 5 687.6 686.8 68552 1 1970 
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Appendix 1. Continued. 
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Group Run E -- Proposed Rochers River Constriction 

Year Ecological Time Period trap Yeae 

1 1 3 4 5 Code Used 
Pe Oa 684.5 686.0 Go1.0 686.0 684.0 0 oe 
| REN ie 684.3 696. 0 ad ou Sahel ys. ae he ese 4 1 1960 
oe 3 688.8 Coo. 688.9 688.2 635.3 1 1961 
1974 eseniieysl Speke ny SI). 69075 687.6 1 a 5G8 
ue Bes) God ce 690.4 68959 Gece 686.4 1 7963 
77.76 657.) 688.2 688.1 60920 tel hepa 1 1964 
1977 689.4 690.4 694.1 G90 S 688.0 1 L965 
1978 gieksts ©) Cog. God. 690.2 687.4 1 1966 
a979 688.6 690.3 690.5 69020 686.9 1 1967 
1980 687.4 688. 1 659.) 688.4 686.9 1 1968 
195 1 bod. | Stell) 688.6 687.4 685.1 1 1969 
1932 Shekepe eal G36. / OGi.7 Seog epebaiies) 1 1970 
PERS: 686.7 Col. 7] 6390s) 688.8 685.1 1 1971 
1984 684. 3 666. 0 S37 <1 ease Rees. 688.2 1 1960 
1985 688.8 (etehelees. 636.9 CEGeaZ (sheloyere) 1 196 1 
26 ores CO 2 690.1 69075 ete tis) 1 1962 
1987 Bie «uz 690.4 eens a) oaebe) ey 686.4 1 Ves 
1988 637% 1 688.2 688.1 39.0 Cols 1 1964 
ipalshe] 689.4 690.4 694.1 So0s 688.0 1 1965 
1990 oyeha ia eso. 9 stent bye G50. 2 687.4 1 1966 
5 PSAs 688.6 690.3 ones) 690.0 686.9 1 1967 
‘Sep 687.4 688.1 ete bee 688.4 ayes yh] 1 1968 
a JOS Bee: exec Rey | 689.5 688.6 687.4 685.1 1 1969 
1994 emeheney | 686.7) Col.7 686.9 stan a) 1 797 0 
SBS bs 686.7 Goa.) 690.1 Ceo. e Oc sil 1 74 
SBE 684.3 686.0 667.7 659 s3 688.2 1 1960 
noo 7 688.8 eae Soo. 9 688.2 eee. 1 1961 
1998 Sel ae Coo.2 one) Ot, 690% o 687.6 1 1962 
USAR boom 690. 4 Soe Gols 686.4 1 1963 
2000 56 cal 688.2 Seakeley’ 689.0 Cored 1 1964 
2001 659.4 690.4 694.1 CoUec 688.0 1 19365 
2002 688.9 Shee has, oper) gS O90. 2 687.4 1 1966 
2003 606.6 690.3 690.5 590.0 686.9 1 1967 
2004 687.4 688.1 689.1 688.4 686.9 1 1965 
2005 Gis sat Coe. 688.6 687.4 63 56) 1 1969 
2006 686... 686. 7 Slow <a: 686.9 631549 1 1970 
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Group Run B -- Proposed Slave River Constriction 

Year Ecological Time Period Trap Wear 

1 2 3 4 5 Code Used 
apt A 684.5 686.0 687/20 686.0 684.0 0 wee 
ho 72 684.9 686.7 688.7 688.3 6877.5 1 1960 
To73 689.2 689.0 688.4 686.58 684.1 1 1961 
1974 Oi ia 639.0 690.6 569.9 G86..7 1 1962 
1975 SOL Eo Ob 689.28 688.2 cise ys) 1 1963 
1976 686.9 689..°2 688.4 689.1 (erste i 1 1964 
oT fogs S eps 690.9 fee 630.8 Gils 1 1965 
1978 suehe loys: 690.0402 ses Shep anole] 686.2 1 1966 
1979 683.5 SILO 690.6 688.8 (cis rahey 9) 1 i hegy | 
L980 Oi 208 683.91 Coie 687.4 Selarye! 1 ‘o63 
1384 66%. 6 Shane ys 687109 686.0 684.0 1 IG 
1932 685.6 685.4 ctelerey S| 684.3 Shs isheys. 1 1970 
1983 686.1 G3 6.09 63020 6869 684.0 1 1.974 
1984 684.9 686.7 688.7 Ss iSisie 6577-35 1 1960 
1985 689...3 689.20 688.4 GoG5 684.1 1 1964 
1986 Collie 6097.73 690.6 639.4 opewered 1 1962 
1e7 689.55 E70. ti 689.8 sUsisieye4 (Valery. S: 1 1253 
1988 630.09 683.2 688.4 God 687.1 1 1964 
chs) 670 Die eS O RS 2) 692 21 690.3 Ser23 1 I2G:S 
1990 Cui EA0e2 689,.7 63901 686.2 1 1966 
122.) Oo Cini 690.25 690.6 O2000 Ge 5.00 1 1967 
1pekes Odie 630..91 hobs Rene 687.4 685.8 1 1968 
1993 Stes ome) A063 687.29 686.0 684.0 1 1969 
1994 Gee 685.4 Shel S eS) 684.3 stese ie) 1 1970 
Vago shehe irs E56,.59 69020 SSt ag 684.0 1 1974 
129% 684.9 686.7 688.7 b8o.25 Oia 1 1960 
1g97 SSo.a 689.0 688.4 686.8 684.1 1 1961 
1998 eed Pree 669.233 690.6 Gar s 686.7 1 (elon 
IPSS SES, elo pene 1 659.28 SSG. Beis 1 1963 
2000 686. 9 6G. 2 688.4 feelers fl GO7 sn 1 1964 
2001 689 25 69:0..19 692 sil 690.3 6823 1 1965 
2007 iv ole Py ie 690.2 O89. s/ 689 1 be O42 1 1966 
2003 Suslelty = (ss OS 3) bI0.25 688.8 685.5 1 A960 
2004 Gein GB G1 E89) 70 687.4 630.0 1 1968 
2005 Ceo 25 639.23 687.9 686.0 684.0 1 1969 
2006 Gam s10 685.4 B8O a3 684.3 eyes ers, 1 pS AAS, 
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Appendix 1. Continued. 
Group Run C--Natural Regime 


rr Se a ee te re ee a ee a i re ee ee ed 


oe 


Year Fcological Time Period Trap Yeast 


cme em re a a ee ee re cs ee ee ee Sr es ee ere 


ee ae ee 


1 2 5 4 5 Code Used 
1971 ous SD 686.0 657.0 686.0 684.0 0 SSS = 
1972 603.6 686.0 BOO 20 607.4 68251 1 1971 
1973 Suse s 685.8 68733 G85 s2 683.9 1 1970 
1974 bodes 665.4 Gow . 3 Esse 2 Be 450 1 1970 
ss by Rar CB 527 687.4 686.4 684-5 eo 2s 1 1969 
1976 Coses 685.4 Sous GAS eZ 683.0 1 1970 
1977 68373 GEO52 4 687.3 Bee eo 6550 1 1970 
1978 684.9 688.6 690.0 688.1 rahe pe 1 1967 
1979 aie Wehr 686. 4 603.7 686.7 683.9 1 1968 
1980 683.3 685.4 a9 273 Won. 2 €83.0 1 1970 
1981 63.3 685.4 BO7 <3 Soo. 2 683.0 1 1970 
1982 S63. 666.4 ehecskve) 686.7 Gao. 1 1968 
1983 oheterat | 687. 4 686.4 684.5 652. 1 1 1969 
1984 683.6 €86.0 690.0 687.4 6GS224 1 1971 
1985 b83.23 6b5. 4 AB 23 685 22 €83.0 1 1970 
1986 683.3 685.4 687 23 665.2 68 3.0 1 1970 
1987 eueina pad 687.4 626.4 684.5 fo 2 1 1 1969 
1928 Croom 655.4 507 534 Gone 68:3 50 1 1970 
1989 68353 Scaeeg Gog. 3 Goes S58 370 1 1970 
1990 684.9 688.5 690.4 €88.1 503.5 1 1967 
1991 Shs. 5 686.4 688.7 686.7 be 329 1 1958 
1992 683.3 685.4 Sau 23 Soa se 68330 1 1970 
1993 Sis eer te! 685.4 687.3 Gao. 2 66256 1 13970 
1994 Sis ee ea 686.4 688.7 686.7 pass 9 1 1968 
1995 65557 Ge072u 686.4 684.5 682.1 1 1963 
1995 CO3. 6 €86.0 690.0 687.4 GEez2. 4 1 Te 
1997 68353 685.4 687 53 Ges. 2 683.0 1 1970 
1998 64323 ess5.u 687 .3 SoS. 2 633.0 1 1970 
1999 Doss 687. 4 686.4 68u 5 pe Zs) 1 1969 
2090 Se3e3 665.4 Gay .3 685.2 66330 1 1970 
2001 Goo 6285.4 687.3 685.2 683.0 1 1970 
2002 684.9 688.5 A920.4 Soe. 1 bo 325 1 1967 
2903 Cosas £A6, 4 688.7 666.7 (eee ype 1 1968 
2004 Shel ohne. Bas 24 687 53 pros 22 ace meme 1 1970 
2005 Gos. So 5.4 687.3 Se522 683.0 1 1970 
2006 Soo. 3 6846, 4 G40 27 686.7 683.9 1 1968 


ere OS se ere ene re ae ee re ee ee nae ere re ee ee cee 


(Continued on next page.) 


7e 


Appendix 1. Continued. 


rm a ee cn ee ee rs a eee ee ee 


Group Run C--Modified Regime (Bennett Dam) 


eer wee ee a ee 


ee ne en ee i re re ee ee ee 


Year Ecological Time Period Trap Year 

1 Z 3 4 2 Code Used 
1971 684.5 686.0 687.0 686.0 684.0 0 hare 
VEZ 684.6 685.4 607.9 686.0 Goad 1 1971 
NOES 684.1 684.1 E84 .4 6353 CaZeT 1 1937-0 
1974 684.1 684. 1 E84 .4 G83 20 682.7 1 VS70 
1375 63%7.. G Coda Coo. 7 6842 S82.5 1 1269 
2716 684.1 684. 1 E84 .4 Bs ope) Cd 2eu 1 1970 
TOR 684.1 684.1 E84 .4 OGe . 3 682.7 1 1970 
1978 686. 6 688.5 688.1 686.8 663.9 1 1967 
L279 685.4 686.0 686.8 Co 684.2 1 1968 
1980 684.1 684. 1 €84 .4 655.8 682.7 1 1970 
1981 684.1 684.1 684 .4 683.3 be 2a! 1 Tor 
1982 685.4 686.0 686.8 685.5 6E84.2 1 HIG 
1363 687.6 Gog.2 Goa. 9 E84.2 GE2.5 1 1969 
1984 684.6 685.4 687.9 686.0 633.9 1 tovet 
ifs ees 624.1 €é84u.1 €84 4 683.3 S8201 1 omc 
1986 684.1 684.1 €84.4 Cao. 3 682.7 1 TOG 
1937 601.6 Ste Ay O85. 9 684.2 Ce26'5 1 T3639 
1988 684.1 684.1 E84 .4 663.3 oko Pare 1 1370 
1989 684.1 684.4 684 .4 683.3 Gael 1 T3760 
1390 686.6 (Sites | ame 688.1 686.8 6385.9 1 1967 
1931 665.4 686.0 686 .8 E5555 684.2 1 1968 
To 684.1 684. 1 684.4 633.05 632.7 1 1970 
19.93 684.1 E84. 1 E84 .4 683.3 GE. ft 1 T3970 
1994 685.4 686.0 686.8 GO0.5 684.2 1 1968 
1995 687.6 CO hea 6507.9 684.2 s82.5 1 1969 
1996 684.6 685.4 687.9 686.0 603.9 1 Teel 
eked 684.1 684.1 Ee4 .4 Giosi..3 skeie aria) 1 T9970 
1998 684.1 684, 1 E84 .4 G25). 3 682.7 1 EMAL 
Peis, erst eS Sos Z 655...9 684.2 632.5 1 isle ks 
2000 684.1 684, 1 F844 SUoes 682.7 1 1970 
2001 684.1 684.1 E€e4 .4 60s:,3 ote PARE! 1 1970 
2002 686.6 688.5 688.1 686.8 68.3.9 1 1967 
2003 685.4 686.0 686 .8 C855 684.2 1 1968 
2004 684.1 684. 1 €84 .4 oa en 6S 27 1 1970 
2005 684.1 684.1 684 .4 eitela tone: G3 2./ 1 37.6 
2006 685.u 686.0 686.8 685 o5 684.2 1 1968 


ee ee ee Se ES ES ES ES ES TS LS LT 
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Appendix 1. Continued. 


a ec ee re te es ee 


Group Pun C--Proposed Rochers Weir 


ec a SE SS RS SS ES ES TS TS SS SS LT LS 


Year Fcological Time Period Tram Y ean: 


1 2 3 Uy Fy Code Used 
1971 684.5 686.0 687.0 686.0 684.0 0 -<——— 
1972 686.4 687.4 6597.5 688.2 684.6 1 1971 
1973 GE5.7 636.5 687.6 656.9 68.5.2 1 1970 
1974 GSS ef 686.5 63h. 6 686.8 (ene Mee 1 1970 
TIES 688.9 €88.7 687.8 686.8 63.456 1 1969 
1976 G85 .7 686.5 6877.6 686.8 62.5.2 1 1970 
1971 6S 5..u 686.5 687.6 68E€.8 625.2 1 1970 
1978 687.9 639-7 ayes o) es) 689.0 686.1 1 1967 
1979 686.8 687.4 688.3 687.6 686.3 1 1968 
1980 GES 686.5 68h. 6 686.8 Go S92 1 1970 
1981 685.7 686.5 687.. 6 686.8 63.5.2 1 1970 
1982 686.8 687.4 638).3 687.6 686.3 1 1968 
1983 688.9 688.7 687.8 fac. 3 684.6 1 1969 
1984 686.4 687.4 689505 683.2 684.6 1 1971 
1985 685.7 628:6..5 687.6 686.8 6251.2 1 1970 
1986 68 5. 686.5 687.6 686.8 665..2 1 1970 
1987 638.9 635.7 687.8 686.8 684.6 1 1969 
1988 G85. 7 686.5 60: 1..6 686.8 G85. 2 1 1970 
1989 655.41 686.5 687.6 686.8 685.2 1 1970 
1990 687.9 G39 7 689.5 689.0 686.1 1 1967 
1991 686.8 ets (Apa 688.3 637.6 686.3 1 1968 
1992 685.7 686.5 687.6 686.8 6555.2 1 1970 
1993 E8527 686.5 687.6 686.8 68542 1 1970 
1994 6560.4 687.4 688.3 687.6 686.3 1 1968 
1995 688.9 688.7 687.8 686.8 684.6 1 1969 
1996 686.4 687.4 689.5 Stoke ey 684.6 1 iS dan 
1997 C85.7 68.655 Gow. G 686.8 G6E5 52 1 1970 
1998 iehe sof 686.5 687.6 686.8 68: 5%.2 1 1970 
1999 688.9 68.8.7 687.8 686.8 684.6 1 1969 
2000 685.7 686.5 687.6 636695 68.5.2 1 1970 
2001 Ea S5o7 686.5 687.6 686.8 695.2 1 1970 
Z90O2 687.9 €89.7 689.5 689.0 686.1 1 1967 
2003 686.8 687.4 638.3 687.6 686.3 1 1968 
2004 685.7 686. 5 687.6 686.8 Ge Sie 1 1970 
2005 G85 a7 686.5 634.6 686.8 635.2 1 Lo 40 
2006 686.8 €87.4 6307.3 687 26 686.3 1 1968 


ee eee eee eee ems ere eee eee ome ere ee ee cere a cree ne ED ES SD ED ED a a ee ee eee omg ene ere ee ere eee ee ee ee eee er Be ee ie ee Se 
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Appendix 1. Continued. 


ee ce ce ae ce ne ee a ee ee SS SS SS A LS 


Group Run C--Proposed Rochers River Constriction 


Year Ecological Time Period Trap Year 

1 2 ) 4 5 Code Used 
Ts 684.5 686.0 Gods 0 686.0 E84.0 0 Sie: 
1972 6.861. / Gove) 690.1 688.8 Goi. 1 VIF 
WS 686.1 G50. 7 G87 7 686.9 ois aes, 1 1970 
1974 686.1 686.7 OST ia) 686.9 GGios 5 1 LST 
175 Goo) exenely es 688.6 687.4 (sis) Sie 1 1969 
1976 GS6r 1 686. 7 Ca.. f, 6867.9 6055 1 1970 
Ve 686.1 686.7 687.7 Gao Coono 1 1970 
172 688.6 SiS Se! 690°.5 690.0 686.9 1 1967 
1979 687.4 (eteel 1 6397.1 688.4 686.9 1 1968 
pPekete) 686.1 selon, tl Codi. 7 686.9 GG 5 1 1970 
ipeier 686.1 €86. 7 Gaur Sie) ae) GSios.5 1 1970 
ip eke 687.4 GG! 6877. 1 688.4 686.9 1 1968 
Wics Goor | GG9215 6807.6 687.4 OGete.| 1 1969 
1984 vet eimet/ 657. Gar. 688.8 Goon 1 est 
1985 OSGi 1 €86.7 GU Ta emel siepe, G35. 1 W970 
1986 GSi6n 1 686.7 687.7 686.9 sie: sues 1 UST 
gels) eae! Sieh ele em 688.6 687.4 aie 54 1 1969 
1988 GB6i.) 1 eteksicy I OS 7i 7 686.9 Gaono 1 1970 
aeksts) 686.1 636. 7 Sent eat 6865. 9 67 5 1 1970 
1990 GaBe0 G90. 3 G0. 5 690.0 686.9 1 1967 
TOC 68 7e.0 688.1 639). 1 688.4 686.9 u 1968 
UI92 G:BG.. 1 GGG.) Ciotiieah GSGn 9 Coo 1 197.6 
ae Gobs G06n0/ Gout. | GoGr.9 es) Sips: 1 TSG 
1994 6.507, 4 688.1 Gear | 688.4 681619 1 1968 
Weiss, saats) Aaa eis e 5) 688.6 687.4 Go) 1 1969 
1995 686.7 GGT. 690.1 688.8 685.1 1 19M 
1997 eeals eed 686, 7 Gui. 7 GEG. 9 6815. 5 1 197.0 
1996 686.1 686.7 siete 686.9 Gdo.5 1 1,970 
1239 689.1 Go wo 688.6 687.4 GCE.) 1 eles 
2000 GS6.1 686. 7 687.7 E86...9 Conn o 1 WIT 
2001 S867.) GUGh./ Salt) Bll 686.9 605.5 1 1970 
2002 688.6 69023 G90n.0 ees Ui eMe, 686.9 1 1967 
2003 687.4 688.1 siete hes | 688.4 686.9 1 1968 
2004 686.1 og6. 7 Ciodieen G06..9 Goo. 5 1 LITO 
2005 686. | 686.7 Goeeus 686.9 655) 1 HS) 
2006 687.4 688.1 Lense ey 688.4 636.9 1 1968 


a ee i a ct ee we ee re ee eee 


eae wee ee 


ee ee ee a a ee ee ee a ee ee ee ee a ee 
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Appendix 1. Continued. 


cee eee egret ee ES TEE SR SES IS CEE ES ES 


— nel 


Group Run C--Proposed Slave River constriction 


eee eee ee eee eee es a ee on ae ean a ae aan ene ee eee eee ces ee cnt Se ee anes eS a eS SS SE eS a SS LS 


year FeologicaleTimesPeriod Traps Y Gag 

1 2 3 4 5 Code Used 
ons! 684.5 686.0 Giasie0 686.0 684.0 0 <i 
VEZ Gis Gree | 686.9 69020 GBR 684.0 1 1971 
AgITS eis) BAS) 685.4 leveys) =) 684.3 Sitcoms! 1 1970 
1974 cere) ce 685.4 68563 684.3 683.8 1 190 
1975 snehe nels) 609.3 bo 1m 68€.0 684.0 1 1969 
1S7'6 Gaoo 685.4 Olea 684.3 653.5 1 1990 
1 Ces7 685.6 685.4 5B Dee 684.3 683.8 1 1970 
1978 Sicha) Abe Go. 690.6 688.8 sBetsrres) 1 19697 
1979 Gri i3 688.1 689 .0 68724 ese ss 1 1968 
1980 635276 685.4 Cue 684.3 (Shah oiere: 1 TG 
1981 Giga 685.4 605d 684.3 rove) Sieve 1 1970 
A Se82Z 63 7.13 686.01 62980 687.4 685..d 1 1968 
1983 GE IG 689.3 687.9 686.0 684.0 1 196 
1984 686.) 1 686.9 6200 Sela S) 684.0 1 1971 
1935 GGeO 685.4 655555 684.3 683.8 1 ToEEG 
1986 GO .16 685.4 b3 SS 684.3 SUnseks 1 1 SEO 
1987 689.6 Gomes Geivae 686.0 684.0 1 1 96:9 
1988 Gore 685.4 G35%73 684.3 683.8 1 1970 
1989 GoiSr6 685. 4 Cores 684.3 683.8 1 1970 
1990 686.5 asc O)Py is) 6206 sits von mue! Golo e 1 gieciec ye 
eet eget 683.71 689 .0 687.4 652.8 1 1968 
Neoee GGo.6 685.4 epevaurye: 684.3 68:3.3 1 1970 
LoS E856 685.4 Shes eS! 684.3 Gis: ..6 1 1970 
1994 Shey se} fejenoicy tl GS IFO 687.4 eye) wire) 1 1968 
oo 689.6 Gases 6879 686.0 684.0 1 19&:9 
1996 686.1 686.9 69.07.°0 GGiie.2 684.0 1 1924 
1997 6256 685.4 685). 3 684.3 683.8 1 1940 
1998 esas 685.4 gh e wigs: 63035 693.28 1 1970 
AIS 689.6 689.3 68769 686.0 684.0 1 1969 
2000 685.6 685.4 G6ais3 684.3 683.8 1 1970 
2001 685.6 685.4 6Gates 684.3 683.8 1 1970 
2002 GS3s5 SSO 25 690.6 688.8 OBiS7.19 1 1967 
2003 hal qi x GI 6818.2 1 689 .0 687.4 Gi. 3110 1 1968 
2004 625.6 685.4 635).3 684.3 Gs a8 1 1970 
2005 63.5.6 685.4 Gases 684.3 693.8 1 1370 
2006 68753 680. 1 Goo". 0 687.4 GS <.6 1 1968 


ee eee ee oe aa ce eee ee 
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Appendix 1. Continued. 


ee a ee ee ns a ee ae ee 


Group Runy BE -«-*Natuteal 2eqime 

Year Eoologiicatmiimesveriod Trap Year 

A 2 3 u 5 Code Used 
ee Ce SS SS ee 
LOT 684.5 686.0 6387.0 686.0 684.0 0 a so 
1SF2 OI ou] 687.4 86.4 684.5 6822.41 1 1969 
LTS O05 cal 687.4 686.4 684.5 G87 31 1 1969 
1974 G53 5 685.4 687 3 685.2 683 20 1 este 
SSIES: 618.3 46 686.0 690.0 687.4 682 1 1 V7 
VSi6 G8:3283 685. Ge m3 GB 55i2 bis 0 1 1970 
SY Go on 68.6.7 bOI 5 690.0 G3 36 1 1964 
1928 O35 sal 687.4 686.4 684.5 OBE. el 1 19.69 
A979 68'S 31D Sake 63925 690.0 685.6 1 1964 
1980 epee 685.4 oo 3 Sis av ENS 210 1 sei 
Wel ers eeiee s) 685.4 e743 xs eaaee Sse) shes) 1 ei 
VEZ 683.3 635.4 Siew fens! 6 taka Gids3 0) 1 199G 
1983 Cs cu/ "686.8 690.1 689.1 f8uU.8 1 Ue: 
1984 Oe.3 2a 695.4 Stent / As: 685.2 GS..0 1 TeSereC 
1985 tetera) 687.4 686.4 G8H..5 GiGi wal 1 WOE 
Ueksis 63355 fe8e6.4 688.7 686.7 Gos 2 1 1968 
T2o7 Gas. 685.4 G8i/%53 689.02 683.0 1 1978 
A388 BS 21D 686.4 688.7 GS Cra! 683.9 1 1968 
13:89 633.5 686.4 688.7 686.7 aie) OS, 1 1968 
ag ters ee) GO] .9 Sci ea 488.4 6Gi4 .2 1 1966 
13on 6.35 .a/ 687.4 686.4 684.5 682.1 1 1969 
Loe 2 O82 oa/ (eho! aye) G89%2 688.3 685.8 1 1960 
12938 Ben. 3 685.4 60u).3 635.2 683.0 1 1970 
1994 G53, 32 686.4 633°.7 eA Sone vf sensiepe) 1 iieeisys: 
1995 GB si 6E5 so GiB9%.-2 688.3 635.8 1 1960 
1936 6B.6-.'5 688.8 689.4 seks: e353. 2 1 1963 
POOF 685 208 685.4 Soi. Gist. 2 68:3 .'0 1 ee 8. 
1993 683.5 685.4 retour | Gig Gi. S05 .9 1 196: 
1999 586: D 688.8 689.4 Ooi 3 Go. 1 1963 
2000 6.35.04 6a 4 686.4 684.5 Gor 1 VO6i9 
2004 B85. a 687.4 686.4 684.5 G62 41 1 LG 
2002 efte aire S| 685.4 S8p.3 Viele Pee G83 .0 1 1370 
2003 633.5 696.7 68.9'..D 690.0 685.6 1 1964 
2004 bbe ca 686.8 690.1 689).1) 684.8 1 ee ka) ee 
2005 Pode ire =| 685.4 687.2 Oe 12 633 20 1 1972 
2006 Ge 55a) 687.4 686.4 684.5 pelrael 4 1 13.6:9 
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Appendix 1. Continued. 
Group Run E -- Modified Regime (Bennett Dam) 

Year Ecological Time Period Trap ness 

1 2 3 4 = Code Used 
19711 684.5 686.0 687.0 686.0 684.0 0 os 
tot 667.6 687.2 6857.9 684.2 G82 «5 1 1969 
1973 G87 6 Gal eZ 6855.9 G84 2 Gre 215 1 1969 
1974 684.1 684.1 684.4 33.3 G82 1 1970 
STS 684.6 685.4 GOilre9 686.0 Ceead 1 1971 
1976 684.1 684. 1 684.4 Bese 6612.7 1 1970 
mT 685.2 G26 23 GEES 2 686.7 Gai ae2 1 1964 
1978 687.6 CoN) cee 685.9 684.2 B52 55 1 1969 
1979 Ga5 42 GG6.3 686.2 65.60.57 bs a2 1 1964 
1980 684.1 684.1 684.4 ate ON ©: 682.7 1 1970 
1981 684.1 684.1 684 .4 6337.3 Gao 1 1970 
TSB 2 684.1 684.1 684.4 683% 3 6a2.7 1 1970 
1983 G55.) 687.4 688.3 687.7 684.8 1 1962 
1984 684.1 684.1 684.4 6o3%3 E82 a7 1 1970 
1985 687.6 Gotan G5? 684.2 6812 65 1 1969 
1986 685.4 686.0 686.8 eine As, 684.2 1 1968 
1987 684.1 684.1 684.4 Sites ie G8r2 ss/ 1 1970 
1988 685.4 686.0 686.8 Eis SA, 684.2 1 1968 
1989 685.4 686.0 686.8 6351.5 684,2 1 1968 
1990 G1 0 688.0 Goi. 6:8 71.0 Coa 1 1966 
1991 63,736 GOW s2 6057.9 684.2 G92 25 1 1.4G00 
1992 683 49 685.4 aisles Ss) 686.6 635.7 1 1960 
13993 684.1 684.1 684 .4 Geo. GBx2 . / 1 Lo L0 
1994 685.4 686.0 686.8 GiOiS.,5 684.2 1 TIG8 
1995 B63 a9 685.4 686.9 686.6 GG al 1 1960 
1996 687.4 688. 4 GeTiD 686.1 68:3 ..5 1 1963 
1997 684.1 684.1 684 .4 6.83.3 682.7 1 19380 
1998 685.4 686.0 686.8 ESI. 684.2 1 1968 
13:99 687.4 688.4 GS 7855 686.1 663.0 1 1963 
2000 687-45 Gun a2 Gos 9 684.2 66265 1 196.9 
2001 687.6 OG a2 Goan. 9 684.2 GB 6.5 1 1969 
2002 684.1 684.1 684.4 6.8 3)053 GB2.5.7 1 1970 
2003 Gov aZ G0 3 686.2 Ger! 6952 ‘ 1964 
2004 S85 25 687.4 688.3 687.7 684.8 1 1962 
2005 684.1 684.1 684 .4 esis 682.7 1 1970 
2006 63726 Sail ce? 685.9 684.2 GO2e5 1 1969 
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Appendix 1. Continued. 


Group Run E) -- Proposed Rochers Weir 
Year Ecological Time Period Trap Year 
er ae Sees ie a a ate a 5 es Se 

A 2 3 4 5 Code Used 
190" 684.5 Gin fre0 687.0 686.0 684.0 0 ae 
19 t2 688.9 688.7 68788 686.8 684.6 1 1969 
1933 Go3e.9 63S) 7 687.8 686.8 684.6 1 1969 
1974 fyiseo my Steheusis, 68s 6 686.8 bier ae 1 1.970 
197% 686.4 687.4 SSIS Bisa 2 684.6 1 Toe 
1 Sire Stouas 1 686.5 687.6 CISG.8 bioiawZ 1 1970 
1977 686.5 exe bey es: 68723 GS S23 66020 1 1964 
1978 858299 68827 ete l/Are 686.8 684.6 1 1969 
gel 3) O86 5 G6Gg 2 687a3 686.3 687.0 1 1964 
1980 685.7 686.5 687.6 686.8 G'S ez 1 1970 
1951 O85. 7 Bip s2 687.6 686.8 Geo a2 1 1900 
1982 eters. wf 686.5 GSve 6 686.8 65552 1 1970 
1983 687.0 Ghel 7 689.4 espe) ad | 686.7 1 1962 
1984 GB a7 68G15 Code 6 686.8 OSD 22 1 1G 
RS he ts. CSO 29 68S. 7 68728 686.8 684.6 1 1969 
1986 686.8 687.4 688.3 6.85/56 686.3 1 1968 
19987 G57 686.5 (ej Tice 686.8 685.2 1 1970 
1988 686.8 687.4 Cre keh so: 68.6 Leite! Sips. 1 1968 
1989 8608 687. 4 68EU3 Gen a.G 686.3 1 1968 
19919 6838.2 G09 5 2 6390 689.0 Sie: us 1 1966 
1994 G86.9 6818. 7 689.9 68E€.8 684.6 1 196¢ 
1992 684.3 686.0 GOwe..5 Geer? GeNi.e) 1 1960 
1993 GSo.7 686.5 687.6 686.8 Ora eZ 1 1978 
1994 686.8 687.4 Baar 2 Gigivi6 Gia 3 1 1968 
1995 684. 3 686.0 Goris 5 688.9 63707 1 Bete 0) 
1996 G88e.6 689.6 san 0 Gage Goa a! 1 196% 
ASOT 685.7 686.5 687.6 Sgias 3 G5 32 1 Lon0 
1998 686538 687.4 lexeialny Gr 6 686.3 1 1 oie 
1999 688.6 689.6 6890 Gor 2 G85 7 1 1963 
2000 60579 68:837 687/.8 686.8 684.6 1 1:26)9 
2001 683.9 ecsisiee) GSI 3 Gab. 8 684.6 1 1963 
2002 G8 5rd 686.5 637.6 686.8 G3)5 12 1 1370 
2003 Roo ines, 687.5 GG. 3 688.3 Sa .'0 1 1964 
2004 637.9 688.7 689.4 GU. / GRO. 1 4962 
20:05 G85. 0/ 6EG20 G57. 6 686.8 685.2 1 1970 
2006 68659 688.7 687.8 G3orne 664.6 1 gles 


ee cs ee re eee ee ees cress eee ces ee ene eee eee es eee menses ee eee ee eee aes Deo ee ee ES ES CS TS Ee 
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Appendix 1. Continued. 
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Group Run & -- Proposed Rochers River Constriction 

Year Ecological Time Period Trap Year 

1 1 3 uy 5 Code Used 
7741 684.5 686.0 68770 686.0 684.0 0 often 
1972 esieh 1 COIs. 688.6 687.4 Geo. | 1 1969 
1o73 Go3n 68955 688 .6 687.4 685.1 1 1969 
1974 69651 6s6. 7 BS yay, 686.9 685.5 1 1970 
139.2 686.7 Cov eT 690.1 688.8 Guo. | 1 WEE 
19°76 636.1 686.7 GST a7 G0Gs9 685.5 1 1970 
1977 Govt 668.2 688.1 630 20 Gora! 1 1964 
1975 G89 1 CSIao 688.6 687.4 G65. 1 Nges 
1279 GET. | GOoeZ 688.1 689.0 65 7s1 1 1964 
1980 686.1 686.7 GEra/ 68609 685.5 1 TIES 
1937 686, 1 686.7 6877 686.9 leks, Sry) 1 ToT 0 
1982 SSG .4 686.7 netics fi 686.9 68535 1 T97C 
1983 687.3 68952 690.1 69055 BUN s6 1 1962 
1984 686.1 686.7 GS ised 686.9 Coo ao 1 A SHAME 
1985 689.1 68955 688.6 687.4 685.1 1 TS69 
1986 687.4 63:07. 1 68971 688.4 686.9 1 1968 
1987 636.1 686.7 687.7 GS@o9 665.5 1 TSEC 
1988 687.4 688.1 65977) 688.4 686.9 1 1968 
1989 687.4 688.1 689 .1 688.4 686.59 1 1968 
1290 632.09 66959 SOo 9 GO 687.4 1 1966 
ees Gide | 659-5 688 .6 687.4 GEm=1 1 1969 
Ue ee 684.3 686.0 GSia! 689.3 6eea2 1 1960 
T3333 686.1 686.7 sno nl Ae) 2) 686.9 685.5 1 he ay) 
1994 687.4 688.1 Goo at 688.4 686.9 1 1968 
USS As: 684. 3 686.0 GOTra Osos 688.2 1 1960 
199.6 68942 690.4 65929 syens) 72 686.4 1 1963 
oS SSG! 636.7 Gis eon) 686.9 685.5 1 1970 
TIS 687.4 688.1 GOI! 688.4 GeGeg 1 USI aks 
W939 Cir Z 690.4 689 .9 GOI 686.4 1 963 
2000 Gere | Stelels ) 688.6 687.4 605." 1 1969 
2001 GiGi SBS 688.6 687.4 685.1 1 1969 
2002 686.1 686.7 687.7 686.9 6eo 0 1 1970 
PANG 687.1 688.2 688.1 68920 Gorin) 1 1964 
2004 level) 5m) G89R2 690.1 690.5 C8176 1 1962 
2005 GObhet GaGa 7 687737 686.9 GB5.5 1 TS7G 
2006 ssi 68s GEBe6 687.4 6a! 1 Wes 
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Appendix 1. Continued. 
Group Run E -- Proposed Slave River Constriction 

Year Ecological Time Period Trap Year 

1 2 3 4 3 Code Used 
nog 684.5 686.0 68740 686.0 684.0 0 og ie 
1922 689.6 689.3 Gog 686.0 684.0 1 1969 
L973 O8926 689.2 687-39 686.0 684.0 1 TI69 
1974 685.6 685.4 GS5a2 684.3 63328 1 1970 
19q5 686." 686.9 690.0 S729 684.0 1 1971 
1976 685.0 685.4 685-.3 684.3 683.8 1 1970 
1927, Caran 683. 2 688.4 GB9s1 GB il.*l 1 1964 
1978 639). 689.3 687.9 686.0 684.0 1 1969 
1979 686.9 638. 2 688.4 Gace! 687.1 1 1964 
1980 695% 6 685.4 63 5a3 684.3 683.8 1 1979 
1981 6'8.5..6 685.4 ites el 684.3 633.8 1 1976 
1982 Go5%.6 685.4 685235 684.3 683.8 1 1970 
1983 6/87 are 689, 3 690.6 GBI9 686.7 1 1962 
1984 685.6 685.4 63593 684.3 683.8 1 19790 
1985 68926 689.3 687.9 686.0 684.0 1 1G 
1986 eyo As 688.1 689 .0 687.4 ego. 'S 1 1968 
1987 6855.6 685.4 Gea eS 684.3 sits he ics: 1 1970 
1988 Sie aes: 688.1 Gear 687.4 one Hoyas: 1 1968 
1989 687.3 686.71 689 .0 687.4 6o55:5 1 1968 
1990 689.24 690.2 689.7 6395" 6816.2 1 1966 
1991 689.6 689. 3 68749 686.0 684.0 1 1969 
1992 684.9 686.7 enone Uf 688.3 68%. 3 1 1960 
1993 685.6 685.4 60553 684, 3 683.9 1 1970 
Agog Sol.S 635.1 689.0 687.4 685.8 1 1968 
A995 684.9 636). 7 688.7 6383 Sans 3 1 1960 
1996 689.5 620.7 ohs epi 6862 685.3 1 1962 
1994 685.6 685.4 68003 684.3 683.8 1 1970 
1926 6374a 688.1 638930 687.4 Gia. 3 1 1968 
1999 639.5 65,06 *7 689.28 [oye te i 7 635.3 1 1963 
2000 689.65 689i. 3 687.9 686.0 684.0 1 19692 
2001 GEO. 6 Sy he) aes: 687.9 686.0 684.0 1 1969 
2002 685.5 685.4 685<3 684.3 683.8 1 1970 
2002 Sob 7 68G. 2 688.4 689.1 687.1 1 1964 
2004 Cavs 68a, 3 690.6 689.9 GIO. 7 1 1962 
2005 685.6 685.4 685.55 684.3 bess 6 1 1976 
2006 689.6 62923 eee, S) 686.0 684.0 1 193a9 
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Appendix 1. Continued. 
Group Run F -- Natural Regime 

Year Ecological Time Period Trap, Year 

1 2 3 4 5 Code Used 
1971 684.5 686.0 687.0 686.0 684.0 0 7s 
1972 682.7 665.00 689.2 688.3 685.8 1 1960 
1973 685.9 688.3 689.1 686.3 682.1 1 1961 
1974 66350] 686.8 69054 689.1 684.8 1 1962 
1975 686.5 688.8 689.4 687.3 683.2 1 eos 
1976 683.5 686.7 esi eke a) 690.0 685.6 1 1964 
1977 686.5 688.9 691.4 689.2 684.9 1 1965 
1978 685.6 68750 689.2 688.4 684.2 1 1966 
a909 684.9 688.6 690.4 688.1 685.5 1 1967 
1980 683.5 686.4 688.7 G8 Gea 68.8 1 1968 
1981 G55 e1/ 687.4 686 .4 684.5 682.1 1 1969 
1982 686.5 688.9 691.4 689.2 684.9 1 A955 
1983 686.5 688.9 691.4 689.2 684.9 1 1965 
1984 683.5 686. 4 688.7 686.7 683.9 1 1968 
1985 683.3 685.4 637.3 685.2 683.0 1 1970 
1986 683.3 685oU8 8687.3 evar oie 683.0 1 1970 
1997 685.7 687.4 686.4 684.5 682.1 1 1969 
1988 683.3 685. 4 687.3 685.2 683.0 1 1970 
1989 683.5 686.4 688.7 686.7 683.9 1 1968 
4990 683.5 686. 4 688.7 686.7 683.9 1 1968 
PAL 683.3 685.4 Sov. 685.2 68370 1 1970 
vow 685.7 687. 4 686.4 684.5 682.1 1 1.96.9 
EEE. 683.3 685.4 687.3 685.2 683.0 1 1970 
1994 685.7 687. 4 686.4 684.5 682.1 1 1969 
1995 683.6 686.0 690.90 687.4 682.1 1 mb 
1996 683.3 685.4 687.3 685.2 683.0 1 1970 
1997 683.3 685.4 bouso S855 2 683.0 1 1970 
1998 685.7 687.4 686.4 684.5 682.1 1 1969 
19399 68335 685.4 687.3 685.2 683.0 1 1970 
2000 683.3 685.4 687.3 685.2 683.0 1 1970 
2001 684.9 688.6 690.4 688.1 S83 es 1 1967 
2002 683.5 686. 4 688.7 686.7 683.9 1 1968 
2003 Gis so 685.4 687.3 685.2 683.0 1 1970 
2004 683.3 685. 4 687.3 685.2 683.0 1 ceo 
2005 683.5 686. 4 688.7 686.7 683.9 1 1968 
2006 685.7 687.4 686.4 684.5 682.1 1 1969 
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Appendix 71. Continued. 
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Group Run F -- Modified Regime (Bennett Dam) 

Year Ecological Time Period Trapy. Yeaw 

1 2 3 4 2) Code Used 
1974 684.5 686.0 687.0 686 .0 684.0 0 ie 
ao TZ Gas. 9 685.4 686.9 686.6 GES. / 1 1960 
1973 68753 687.0 686.4 685.0 682.6 1 196) 
1974 685.5 687.4 688.3 687.7 684.8 1 1262 
Vat S 687.4 688.4 687.5 686.1 G53.5 1 1963 
1976 ogo. 2 686.3 686.2 O86 .7 685.2 1 1964 
ocd Cola 688.6 659.3 637.9 639.2 1 1965 
1978 687.0 688.0 687.5 oo7).0 684.5 1 1966 
1979 686.6 Gob. 5 688.1 686.8 683.9 1 1967 
1980 685.4 686.0 OG so GE5.5 684.2 1 1968 
a9 1 6876-6 DOM sre 685.9 684.2 beeso 1 1969 
qoc2Z 63057 688.6 689.5 Cre oo 6815.2 1 1268 
1933 Soy. / 688.6 p89 ,53 697.9 685.2 1 1965 
1984 685.4 686.0 686.8 of 1a eye 684.2 1 1968 
1985 684.1 684. 1 684.4 683.3 Steers Uh 1 1970 
1986 684.1 684.1 684 .4 be38.3 682. / 1 1270 
hehe 6075.6 607.2 685.9 684.2 ste A S. 1 Beyer S 
1988 684.1 684.1 684.4 ey aisinge. e822. 7 1 197 0 
1989 685.4 686.0 686.8 65.2 684.2 1 1968 
IRSA 685.4 686.0 686.8 Bib. 5 684.2 1 1968 
roo] 684.1 Oba. .1 €84 .4 (er ala eyes! 632.) 1 1970 
1992 6ST. © 687.2 svchouy, 684.2 682.5 1 1969 
93 684.1 684.1 684.4 pes .5 6872.7, 1 1970 
1994 GiBli..6 Gove Doomo 684.2 Se) PA 1 1969 
(ekers 684.6 685.4 GBH o9 686.0 eal iol. 1 AD 7/1 
1996 684.1 684.1 684.4 oso aeee, GB Ze? 1 1970 
197 684.1 684.1 684.4 Goo. bo2./ 1 1970 
dips hens: 687.6 687.2 685.9 684.2 ote IS, 1 1969 
Sie, 684.1 684, 1 €84.4 655.35 68222 1 1970 
2000 684.1 684.1 684 .4 656.3 682.7 1 70 
2001 Rooms) 688.5 oes <1 686.8 peti) 1 Lo6s) 
2002 685.4 686.0 686.8 Goo.5 684.2 1 1968 
2003 684.1 684.1 €84.4 Gos. 682.7 1 1970 
2004 684.1 684.1 684 ,4 Ges. 4 652.4 1 1970 
PAUL) 685.4 686.0 686.8 OD oo 684.2 1 1968 
2006 GS] 6 seh ies? GBD. 684.2 ere lures 1 195.9 
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Appendix 1. Continued. 
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Group Run G -- Natural Regime 

Year . Fcological Time Period Trap Year 

1 2 3 ut 5 Code Used 
1971 684.5 686.0 687.0 6 86 .0 684.0 0 ee 
1972 O18 27 sponse: 689.2 688.3 685.8 1 1960 
1973 68.09 688.3 Goo | Goons 682.1 1 1961 
1974 Ses<7) 686.8 CoO0e1 689.1 684.8 1 1962 
1975 GCG 688.8 689.4 OSs. 633.2 1 1963 
1976 erels la) 686.7 eishe) > 690.0 685.6 1 1964 
1977 OdiOre5 68cn0 691.4 689.2 684.9 1 1965 
1978 685.6 687.9 GOI 688.4 684.2 1 1966 
ibe As) 684.9 688.6 690.4 688.4 633.5 1 1967 
1980 68345 686.4 60 Ge0/ 686.7 6339 1 1968 
1981 685.7 687.4 686 .4 684.5 CBZ 1 1 1969 
1982 Os6n> 688.9 691.4 tsb a. 4 684.9 1 1965 
1983 686.5 Shel we) 691.4 Soon 684.9 1 1965 
1984 Coole o 686.4 CooL OS Gee! 63359 1 1968 
T9385 6836.5 685.4 Sovtss Geez 68 3.0 1 1970 
1986 oan s bo 5. oo. sisi aiey 4 633.0 1 1970 
1987 O85. 7 687.4 686.4 684.5 Cow 1 1969 
1988 So3.8 685.4 6373 Orne 683.0 1 VEO 
1989 G33 686.4 688.7 686.7 683.9 1 1968 
1990 Co3h 5 686.4 688.7 686.7 68sieg 1 1968 
1991 os. 3 685.4 OOvt.3 635.2 683:.0 1 1970 
7292 618 547 687.4 686.4 684.5 Gein 1 1969 
noo38 S83. 3 685.4 687.3 GS 5.12 683.0 1 1970 
1994 Goon 687.4 686.4 684.5 682.1 1 1969 
a995 683.6 686.0 690.0 687.4 682.11 1 1971 
096 Goses 685.4 lewis! OO o.2 683.0 1 1970 
1997 6333 685.4 CovHsS Soo. 683.0 1 1970 
nos Goo" 7 687.4 686.4 684.5 682.1 1 1969 
1999 Gd3.3 685.4 COTS 665.2 Cone u 1 1970 
2000 (Sitays Aes: 685.4 Go s%3 Goo 683.0 1 1970 
2001 osu 688.6 690.4 (Seif s heed 60°35 1 1967 
2002 69365 686.4 Coos 7 Sitsloneod | GS 39 1 1968 
2003 boo 685.4 (ote wl Logs! Syste 683.0 1 1970 
2004 683.3 685.4 eked boys eisai Gosa0 1 1970 
2005 683% 686.4 688.7 Goo. Gos 1 1968 
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Appendix 1. Continued. 
Group. EONSGaas Natural Regime (continued). 

year Fcological Time Period Trap ear 

1 2 3 4 5 Code Used 
2006 bes. | 687.4 686 .4 684.5 682.1 1 1369 
2007 684.9 688.6 690.4 688.1 683.5 1 1967 
2008 isl aheat! 687.4 686.4 68h'.5 682.1 1 1969 
ZB003 683.5 686.4 688.7 686.7 683.9 1 1968 
20.10 686.5 688.8 689.4 G8 fag 663.2 1 13G2 
2071 633.3 685.4 687.3 685.2 683.0 1 1970 
2072 iste ieS 685.4 BSiliao 6.05.2 68 3.0 1 1:9;£0 
20413 685.7 687.4 686.4 684.5 68254 1 1969 
2014 683.3 685.4 SM fe 6185.2 683.0 1 1970 
2015 686.5 siepeney 691.4 Oo 9 a2 684,9 1 ihelets 
2016 cholate, 687.4 686 .4 684.5 66 2.0 1 1969 
2OV7 683.3 685.4 Mew le & eo ece 683.0 1 1970 
2018 686.0 688.8 689.4 687.3 683.2 1 1963 
209 68 5a 687.4 686.4 684.5 682.) 1 1969 
2020 683.5 686.4 688.7 686. ji 653.4 1 1968 
2021 eestayes 7) 687.4 686.4 684.5 682.1 1 1969 
2022 Soo .a 687.4 686.4 684.5 682.) 1 1969 
2025 60 5.2) 687. 4 686.4 684.5 682.4 1 1969 
2024 60S.2 686.4 (Svateiyt! 686.7 693.4 1 1968 
2025 685.7 687.4 686.4 684.5 GB 2a 1 1969 
2026 686.2 688.9 691.4 6c9 22 684.9 1 1965 
2H2'1 684.9 688.6 690.4 688.1 633.5 1 1967 
Z028 686.0 688.8 689.4 687.3 6B 3.2 1 Beis 
2029 683.3 685.4 Boles 685.7 633-0 1 1970 
2030 altel: | 687.4 686 ,4 684.5 662.4 1 1969 
2084 683.5 686.4 688.7 686.7 683.9 1 Khoa: 
2082 683. 686.4 BSB et BiS6 sd 68.3.0 1 1968 
2083 618 5.sa/ 687.4 686.4 684.5 Gennes 1 aden, 
2034 E0378 685.4 Ree | Ae, 685.2 68 3.0 1 1970 
Z0n 5 Goss 685.4 B87. 3 G85—2 683.0 1 1970 
BS © G85 pF 687.4 686.4 684.5 6:3 2.5) 1 1969 
2087 683. 685.4 687.3 685.2 683.0 1 1970 
2038 633.63 685.4 Go .2 Oo Dae 683.0 1 BSA 
2039 683.13 685.4 687.3 BO. fers gan @) 1 1970 
2040 epekeae 2 685,4 687 <3 GE S.ie 633.0 1 VIO 
2041 63.5 0 685.4 687.5 Gob 663.24) 1 1970 
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Appendix 1. Continued. 
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Group Run G -- Modified Regime (Bennett Dam) 

Year Ecological Time Periad Trap Year 

1 2 3 uy =) Code Used 
wa 7 1 684.5 686.0 687.0 686.0 684.0 0 sa eh = Po 
1 685.4 6a5. 4 [<gaie cee! 686.6 (eke 1 1960 
a7 3 Ssh! | 687.0 686.4 639.0 682.6 1 1961 
1974 Cao 687.4 688. 3 OB he 7 684.8 1 196.2 
107.5 687.4 688.4 687.5 Gobet 68425 1 1963 
1976 638962 636.3 G86.2 686.7 685.2 1 1964 
1977 GST 7 688.6 G39.2 S340 6 Jee 1 1965 
7978 687.0 688.0 C8 leo 687.0 684.5 1 1966 
1329 686.6 688.5 688.1 686.8 ate weighs, 1 1967 
1980 685.4 686.0 686.8 635.5 684.2 1 1968 
1981 Ges. & Goel oe 63.5.9 684.2 682.5 1 A369 
1982 CB id 688.6 669...3 G37 02 685.2 1 7965 
7363 welt Pat / 688.6 Goa 607.3 655.2 1 1965 
1984 685.4 €86.0 686 .8 G35. 5 684.2 1 1968 
nye85 684.1 684. 1 684.4 esses! 682.7 1 FORO 
1986 684.1 684.1 684 .4 eee ene! 682.7 1 1970 
oo 7 Gar 6 64)...2 685.9 684.2 682.5 1 1969 
1988 eekly 684.1 €84 .4 682.3 Go2.0 1 ne Fae) 
1989 685.4 686.0 686.8 she ee 684.2 1 1968 
190 685.4 686.0 686.8 G85.5 684.2 1 1968 
1991 684.1 684.1 684.4 663.2 682.7 1 1970 
LES ES 687.6 OG7.2 S62. 14 684.2 682.9 1 1969 
i393 684.1 684. 1 €84 .4 683.3 632.7 1 50 
19:9 4 687..6 687.2 Goo. 9 684.2 68.2.5 1 1969 
seh Be) 684.6 685.4 687.9 686.0 683.9 1 1971 
ao6 684.1 684.1 684 .4 Go3..2 682.7 1 137-0 
1997 684.1 684, 1 684.4 683.3 652.7 1 1970 
1998 687.6 65] .\2 635.9 684.2 684.2 1 1969 
1999 684.1 684.1 684.4 683.3 6ea2.7 1 1970 
2000 684.1 684.1 684.4 Ge3..3 ead) 1 1970 
eo. 686.6 688.5 603. | 686.8 6835/4 1 1967 
2002 685.4 686.0 686.8 635.5 684.2 1 1968 
2003 684.1 664.1 684.4 683.23 6G 2. 1 1970 
2004 684.1 684.1 684.4 O35..:5 682.7 a 1 197.0 
2005 6:85.00 686.0 686.8 685.5 684.2 1 1968 


ee cee eee eee ee ee re re se Se a ee me eon ae er 


(Continued on next page.) 


cee ese eee ees ee se ere 


O106 


Appendax "1." eGontinived. 
Group Run G -- Modified Regime (Bennett Dam) (continued). 
Year Feological Time Period Trap Year 
1 @ 3 4 3 Code Used 
2006 687.6 GOL 42 68529 684.2 Go2s0 1 1969 
2007 686.6 668 35 Ge Srca1 686.8 63369 1 1967 
2008 687.6 687.2 68579 684.2 682.5 1 1969 
2009 665 34 686.0 GaGa EBs 68:2 1 T3968 
2010 687.4 688.4 6S 7.20 686.1 CEB) 1 T3963 
2001 684.1 684.1 684 .4 A833 Coane 1 1970 
2002 684.1 684. 1 €84 4 663.08 systray | 1 Tar 0 
2013 GE 7/26 667.2 ots palr, 2) 684.2 Goo. o 1 1369 
2014 684.1 6g4 a1 684.4 S533 Ge De), 1 1970 
AOS G81 7 688.6 689.23 687.69 625.2 1 1965 
2016 687 .6 GEiae 625.29 684.2 682.5 1 969 
2007 684.1 684.1 684 4 68S 682.7 1 E70 
2018 687.4 688.4 COW sat 686.1 6635 1 1963 
Z20ng 637.06 Gaile 635.9 684.2 C8265 1 1969 
2020 685.4 686.0 686.8 685.5 684.2 1 1968 
Ors 687 26 687.2 625.09 684.2 G82. 5 1 1963 
2022 687.26 6B7 se 685.9 684.2 Goes 1 i963 
2023 687.6 687.2 535.9 684.2 68.2.5 1 1369 
2024 685.4 686.0 686.8 685.5 684.2 1 1968 
2025 687.6 687.2 685.09 684.2 68.225 1 1969 
2026 Goi. 688.6 39.3 687.9 G5 5,2 1 1965 
2027 GUG.6 638.5 688.1 686.6 663.9 1 1967 
2028 687.4 688.4 697.5 666.4 Goea.e 1 Gs 
2029 684.1 684.1 684 .4 683.3 6o.26¥ 1 4970 
2030 687 a 687.2 eis, ary 684.2 68265 1 1969 
2034 685.4 686.9 686.8 85.3 684.2 1 1968 
2032 685.4 686.0 686.8 GSo.c 684.2 1 1968 
2033 687.6 687.2 Lelie iyi) 684.2 602.5 1 ied e: 
2034 684.1 684. 1 684.4 sgarehn S| COZ. 1 1.570 
2035 684.1 684.1 684 .4 Gc2.3 682.7 1 1970 
2036 63°75 6 687.2 Com 684.2 68253 1 Hehe ee, 
2037 684.1 684.1 684 .4 682<2 68 2.1 1 LSE 
2038 6ah4 684. 1 684.4 G03. Gola 1 1970 
2039 684.1 684.1 684 .4 683.3 68267 1 1970 
2040 684, 1 684, 1 684.4 683.3 6824 ’ PHIL 
2041 684.1 6801 684.4 683.23 68261 1 4300 
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Appendix 1. Continued. 
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Group Run H -- Natural Regime 

Year Ecological Time Period Trap Year 

1 2 3 4 5 Code Used 
hig 684.5 686.0 687.0 686.0 684.0 0 Se 
1972 G85 2h 687.4 686.4 684.5 Ga2s)| 1 1969 
49-13 685 Gor. 4 686 .4 684.5 682.1 1 1969 
1974 Gases 685.4 647.3 Boo. 683.0 1 1970 
1975 66 1G 686.0 690.0 687.4 6872.1 1 1971 
1976 G05." 685.4 Cadi 605.2 663.0 1 1970 
ey; eke ery, 686.7 689.5 RCT OPEC) 68.5.6 1 1964 
1978 GaS7 687.4 686.4 684.5 Goes) 1 1969 
1979 Goes 686.0/ GBF s5 690.0 685.6 1 1964 
1980 633.73 685.4 stall arye: 655.2 683.0 1 1970 
1981 Coo sts 685.4 Ssh) 68522 683.90 1 1970 
1982 633.5 685.4 687.3 GOs ihe ig. 1 1970 
1983 eel Sint 686.8 690.1 689.1 684.8 1 Loo2 
1984 OSo.rs 685.4 Goes (SMe si 683.0 1 1970 
1B) evel oien | 687.4 686.4 684.5 Goze 1 1969 
1986 68a o 686. 4 688.7 686.7 60 459 1 1968 
1987 sherk €85.4 Gor'3 E6572 683.0 1 L270 
1988 664.5 686.4 GOS. Siistewyd/ 683.3 1 1968 
1989 eam ices 686.4 688.7 686.7 68ay0 1 1968 
1990 655.6 687.93 669.2 688.4 684.2 1 1966 
1991 Gao 687.4 686.4 684.5 6a:2e 1 1969 
1992 66 2, 685.5 Mesehee Goo.s 685.8 1 1960 
1293 Gods 685.4 63773 Kensie 683.0 1 1970 
1994 Ges5 686.4 Goose! OSG 603.9 1 1968 
1995 Gee. ois tele) 689.2 688.3 ote bs ise: 1 1960 
1996 6867.10 688.8 689.4 Sov GE3e2 1 1963 
1997 6c. 685.4 687.3 Goo. 683.0 1 1970 
woe eps hsiey =, 686.4 688.7 letslec. fi Goa. 9 1 1968 
1999 68655 688. 8 689.4 Gay's Goae2 1 1963 
2000 68530 687.4 686.4 684.5 682.1 1 1369 
2001 685.7 687.4 686.4 684.5 682.1 1 1969 
2002 fe fake ie 685.4 BB 7.83 eitetelse’4 G5oe0 1 1970 
2003 G05 .0 686.7 609.0 690.0 Soe 1 1964 
2004 683 21 686.8 690.1 exehs eel 684.8 1 1962 
2005 Gol. 685.4 687.3 65.2 Goseu 1 1970 
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Group Run H -- Natural Regime (continued). 

Year Fcological Time Period Trap Year 

1 2 é| 4 5 Code Used 
2006 6a 5 a. 687.4 686.4 684.5 682.1 1 1969 
2007 684.9 688.6 690.4 else | S83 25 1 1967 
2008 G35. 687.4 686.4 684.5 fons rary ® 1 1969 
2009 60350 686.4 635.0 686.7 683.9 1 1968 
2010 686.5 688.8 689.4 687.3 Susles ea 1 1963 
2011 S832 685.4 68723 GB Sine 683.0 1 1970 
2012 665.3 685.4 S87. GB55/2 683.0 1 1970 
20133 Su 5.0 687.4 686.4 684.5 682.1 1 1969 
2014 683.3 685.4 ats PPS: Behe we 68 3.0 1 1970 
2015 686.5 688.9 691.4 COo02 684.9 1 1965 
2016 eres, ¥/ 687.4 686.4 684.5 GG 1 1969 
207 683.3 685.4 609 st 685.2 6835.0 1 alee) 
2018 636.5 688, 8 689.4 6'87:.3 Sie hele 1 196 3 
2019 655,.01 687.4 686.4 684.5 682.64) 1 1969 
2020 (SKShE Ps 1) 686.4 688.7 686.7 683.4 1 1968 
2021 685.7 687.4 686.4 684.5 682.1 1 1969 
2022 63 Stl 687.4 686.4 684.5 682.1 1 1969 
2023 605.4 687.4 686.4 684.5 ete hr APa| 1 1959 
2024 63355 686.4 688.7 Niekeied | 689.0 1 1968 
LU Aa) iOOnth 687.4 686.4 684.5 682-1 1 1959 
2026 656..5 688.9 691.4 O'S Siete 684.9 1 1965 
2027 684.9 688.6 690.4 688.1 683.0 1 1967 
2028 685.0 GBB .o 689.4 GS7n38 eels Pye 1 1963 
2029 63.3 685.4 68/3 [ay a) see 683.0 1 1970 
2030 665.07 687.4 686.4 684.5 682.1 1 1969 
2081 603.5 686.4 (ayes A 686.7 683.9 1 1968 
2032 Sys se) 686.4 600.07 Gs620) 633.9 1 1968 
2033 levlevarry ¢/ 687.4 686.4 684.5 GG Zan 1 1969 
2034 Cue. oS 685.4 687..8 (Sy sha yey 683.0 1 1970 
2035 b6ee.,5 685.4 667.26 Sasa eA 683.0 1 1970 
2036 68S. 687.4 686.4 684.5 632m) 1 1969 
2037 635.8 685.4 6o..3 Bei. 683.0 1 1970 
2038 58325 685.4 687.3 ahs Re 683.0 1 1970 
2039 683.3 685.4 Gove taper es 683.0 1 1970 
2040 683<5 685.4 ints poss. Cid oe 683.0 1 ipole At 
2041 683.2 685.4 687.3 Siete ms 68350 1 1970 
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Group Run H -- Modified Regime (Bennett Dam) 

Year Fcological Time Period Trap Year 

1 2 3 4 S) Code Used 
1971 684.5 686; 0 687.0 686.0 684.0 0 sina 
4972 687.6 ets it May’ Coie. 684.2 S6O2.5 1 1969 
he A 687.6 OB) 22 635.59 Goes Sozed 1 1969 
1974 684.1 684.1 684 .4 Go s.5 Od 2s7 1 1970 
Nhe Re. 684.6 685.4 Boles 686.0 Bese 1 1971 
1976 684.1 684.1 684 .4 Hos <3 682.7 1 1970 
A971 OG.o 2 686. 4 686.2 ohetokey a! 68532 1 1964 
1978 687.6 687.2 CGoc4 684.2 eo. 3 1 1969 
L9d9 Geos 2 C3b.3 536.2 GeG.7 Coss2 1 1964 
1980 684.1 684.1 684 .4 Seog B02. 7 1 1970 
1981 684.1 684, 1 E84 .4 Soe. bows? 1 1970 
1982 684.1 684.1 684 .4 bos. Bows - 1 1970 
1983 Goo. a 687.4 688.3 Cowes, 684.8 1 1962 
1984 684.1 684.1 684 .4 Ge253 Bo ee 1 1970 
32.5 Soy .5 Gdns 2 b0a39 684.2 Gomao 1 Som) 
1986 685.4 686.0 Goo. 6 GES. 684.2 1 1968 
1987 684.1 684. 1 E84 .4 Gose6 Boze? 1 1970 
1988 685.4 686.0 686 .8 ome o Bous2 1 1968 
1989 685.4 686.0 686.8 oo. 684.2 1 1968 
1390 687.0 688.0 ag a 687.0 684.5 1 1966 
1991 68726 Go jaz OG Jad 684.2 bow. s 1 hele, 
1992 65359 685.4 63629 686.6 68.557 1 1960 
1993 684.1 684, 1 €84.4 Bie Deena? 1 1970 
1994 685.4 686.0 686.8 eeshok pe) 684.2 4 1968 
pd 5 Hoss 5 685.4 686.9 jshelsarals) GS5.7 1 1960 
4596 687.4 688.4 Bod o2 otsleio 63 S55 1 1963 
19:97 684.1 684. 1 €84.4 Boo eS 682.7 1 S70 
1995 685.4 630.0 686 .8 opehsiys. 684.2 1 1968 
Ses) 687.4 688.4 sto Mt Aree) BSG. bo3e5 1 1963 
2000 687.6 BOs 2 SoS. 684.2 S82s5 1 hed sic! 
2001 os87.6 GO 1.2 Soc 684.2 Boss 1 19609 
2002 684.1 684. 1 684 .4 Bisse) tebe AN 1 1970 
2003 Bows 2 686.5 5BGO.2 686.7 685.2 1 1964 
2004 Sisme wey} 687.4 688.3 Bic 1s) 684.8 1 1962 
2005 684.1 684. 1 684.4 shee hr Gece? 1 1370 
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Group Run H -- Modified Regime (Bennett Dam) (continued). 

Year Fcological Time Period Trap Year 

1 2 3 4 5 Code Used 
2006 687.6 687 5°2 685..9 684.2 be2.5 1 1969 
2007 686.6 eMeksig 688.1 686.8 5360 1 1967 
2008 G76 68752 6955.9 684.2 GB2 2 1 1969 
2009 685.4 686.0 686.8 Sekar ts) Gia. ae 1 1968 
2010 687.4 688.4 687 eo 68651 6836p 1 1963 
2041 684.1 684.1 684.4 638303 6Si2eu 1 1970 
2012 684.1 684, 1 E84 .4 683.3 682.01 1 1970 
2013 68726 687.2 Gao. 2 684.2 Oo se 1 1969 
2014 684.1 684. 1 684.4 SSse5 682.7 1 1970 
2015 6812] 688.6 58923 68h 685.2 1 1965 
2016 68756 68922 Hoo. 9 684.2 602 45 1 1964 
2017 684.1 684. 1 684 .4 eRe ee. 682.7 1 1970 
2018 687.4 688.4 epoeha es) 6865 | 692 45 1 ipetere 
2009 6875.0 OS iieae 655.9 684.2 68225 1 1969 
2020 685.4 686.0 686.8 sells ee 684.2 1 1968 
202) 687.6 68 uhe2 bo Sag 684.2 Sa2ao 1 1969 
2022 6874.6 ayo in 2 695.9 684.2 6.012 50 1 1969 
2023 687.6 68792 letsia ic) 684.2 63255 1 1969 
2024 685.4 686.0 65646 ene lor ye 684.2 1 1968 
2025 6875.6 68752 Labels aces) sme! ae 602 35 1 1969 
2026 68761 688.6 be9s3 anew ans, eKohohe ee 1 1965 
2027 686.6 Gage 688.1 686.8 Osa 1 1967 
2028 687.4 688.4 bid~o 686.1 G83 25 1 1963 
2029 684.1 684.1 684 .4 68355 682.7 1 1970 
2030 687.6 687.2 535.9 684.2 eke aS 1 1969 
2030 685.4 686.0 686.8 eestor, €84.2 1 1968 
2032 685.4 686.0 686.8 ‘Sielawes: 684.2 1 1968 
2033 687.6 68722 booe9 684.2 65285 1 1969 
2034 684.1 684. 1 684.4 68343 SB2 al 1 1970 
20385 684.1 684.1 684 .4 653.63 6824) 1 1970 
2036 6872.6 Cais 685.9 684.2 ObiZao 1 ie eee 
208) 684.1 684.1 684 .4 ete rye Dower 1 1970 
2038 684.1 684. 1 684.4 ayehs nee! 6825] 1 1970 
2039 684.1 684.1 684 .4 b83.%3 68 eu/ 1 1970 
2040 684.1 684.1 684.4 683.3 68257 1 1970 
2041 684.1 684.1 684.4 6Bges 62 2011 1 1970 
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Group Run I--Water Levels for Figures 6-10 


— ee iis ease cee ee eee 


Year Ecological Time Period Trap -Nor 
1 2 3 4 2 Code Used 
ag 684.5 686.0 Go7 30 686.0 684.0 0 0 
Batis ae 686.0 691. 4 Gusts Spb. 2 688.5 0 0 
eles 688.0 6686.5 688<:5 688.0 688.0 0 0 
1974 Rs koiraee) 65935 62260 GooeU CuO... 1 0 
Lyre 659720 O59. 5 691.0 688.5 687.0 1 0 
1976 684.3 685.0 685.0 685.0 684.0 1 0 
fad 684.3 Gace 0 Rodi es, 685.0 684.0 1 0 
MAS 684.3 655.0 Side.) bibs <0 684.0 1 0 
veal 684.3 685—0 ashe pus 685.0 684.0 1 0 
780 684.3 687.8 69125 6.89.5 AeHShea 1 0 
ile s\ola wees, 686.0 687 /0 687.0 66.720 1 0 
yoa2 6a 730 Soles 687.8 687.0 687.0 1 0 
1983 6.7720 687.6 Boy 20 687.0 686.5 1 0 
1984 686.5 687.0 Shoat Mes) 687.0 she he leas) 1 0 
Sikes) 686.5 637.0 Re Ae ge, 637 <0 686.5 1 0 
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Year Ecological Time Period Trap Year 
1 2 3 4 3) Code Used 
ae a 684.5 686.0 Oye 0 686.0 684.0 0 Soe 
VS972 G8655 etstsiey 5) eee (Skew ele 6a 5.77 1 ICE DAM 
1973 687 ST 688.6 Siehihiene! ener (Pae 2 Stele in” 1 1903 
1974 G:C 686.0 686.8 685.9 684.2 1 1968 
WITS 684.1 684, 1 E84 .4 SMe keira! Nal eers, t 1 1970 
TOT6 Stele yeae, 688.5 Go ae 688.9 6o5. 7 1 ICE DAM 
LOTT 68726 687.2 Goo. 7 684.2 682.5 1 1963 
O78 684.1 684.1 684 .4 605.05 682.7 1 1970 
USFS, 685.4 686.0 686.8 Nels s 684.2 1 1968 
1980 66655 688.5 Bo e2 O86. J eisai d/ 1 TCESDAM 
1981 684.1 684, 1 684.4 eWeheirgs bBo 1 1970 
ale ely COG Ge Taz Goo. 684.2 632.0 1 13609 
1983 684.1 684. 1 684.4 emoks keys) Skew ey | 1 SEC 
1984 GOO. o GuiGD O92. 2 Seles’) Neder ad/ i ICE DAM 
1985 684.6 685.4 olshficey S] 686.0 665.4 1 Toe 
1986 684.1 684.1 684 .4 (emsiciene: 63.2. 1 1 Led 
Wei 684.1 684. 1 684.4 aisha Lens af) 1 OSTTAG 
1988 BOG ao ish pres GO rete 6555-9 Sle se ety 1 ICE DAM 
1989 684.1 684.1 €84 .4 sre Kehese: eteient! 1 197.0 
1990 684.1 684. 1 684 .4 653.3 bee 1 1970 
19901 eychepeyle 683.5 erehsiey 686.8 Sieoyeye) 1 1967 
19972 68675 Sisley s) Goze 6589 625.1 1 TCE DAM 
1993 684.1 684.1 684.4 Susheleye' 622. |, 1 1970 
1994 684.1 €84.1 684 .4 68353 Goer, 1 VOLO 
Les 685.4 686.0 636.0 Shsholngs| 684.2 1 1968 
1996 636.5 608.5 Geer sherelays: bBo. 7 1 ICE DAM 
1997 cheis Ce, 685.4 6367.9 686.6 685. 7 1 elon) 
W328 Gora 687.0 686.4 685.0 682, 6 1 19-661 
qos kel) 635.5 687.4 688.3 687.7 684.8 1 1362 
2000 G86. Sieieicn » eye, £2 688.9 ste Pte) 1 ICE DAM 
2001 Ears 686.3 686.2 Geo.-7 Se5.2 1 1964 
2002 687 29 €88.6 SMa) elas. 6987.9 68.5.2 1 196 
2003 687770 630.00 esol ape Shed hgh 684.5 1 i ord 
2004 686.95 656.0 Gi 2 a2 685.9 GoD.) 1 Ice DAM 
2005 685.4 686.0 686.8 Goce 684.2 1 1968 
2006 6877.6 GS7-2 635.9 684.2 682.5 1 1969 
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Group Run A--Regulated with Ice Dam Every 5 Years 
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Year Feological Time Period Trap Year 
1 Z 3 4 5 Code Used 
1971 684.5 686.0 687.0 6.3650 684.0 0 et 
19 72 DIS Osi) bo Ge 5 692 52 688.9 685.7 1 ICE DAM 
iS Gov id 688.6 6684 53 Cou s.9 685.2 1 1965 
1974 685.4 686.0 686.8 685-25 684.2 1 1968 
ae 684.1 684.1 684 .4 G:5.373 682.7 1 1970 
1976 684.1 684.1 €84 .4 aos. s 682.7 1 1970 
1977 686.5 Sparel gs) O92 22 688.9 atone 1 ICE DAM 
1978 684.1 684.1 684.4 6.83.3 G82. / 1 1970 
(eS. 685.4 686.0 686.8 66.535 684.2 1 1968 
1980 685.4 686.0 686.8 58565 684.2 1 1968 
1981 684.1 684.1 684 .4 6.03). 3 BO ver 1 1970 
(Esker 606% 688.5 Gae 2 688.9 Go5.7 1 TCE DAM 
wooo 684.1 684.1 684.4 bo3%3 Oo 221 1 1970 
1984 68726 66722 G35.9 684.2 68235 1 1969 
i pekefs) 684.6 685.4 687.9 686.0 cio ee as, 1 1971 
1986 684.1 684.1 684.4 eee eS) Go2.u4 1 1970 
TO 7 Deu. . 633% SS aw 4 688.9 60 Stel 1 Tore DAM 
1988 687.6 637.2 685.2 684.2 682.0 1 1969 
1989 BSuS IF 5684s 1 684 .4 683.3 682.7 1 19790 
1990 684.1 684. 1 €84.4 63555 68 2e7 1 1970 
Tos 686.6 Toko Ie, 688.1 686.8 683.3 1 1967 
chek Gob 2 688.5 olay? 600.9 66520 1 ICE DAM 
1993 684.1 684.1 E84 .4 holes 6c. 7 1 1970 
1994 684.1 684, 1 684.4 Cotes Coan 1 1979 
‘pees 6a5%4 686.0 686.8 Coo o 684.2 1 1968 
1996 687.6 eT pe lo eee, 684.2 682.5 1 1969 
19:99 GS6.0 688.5 GZ. 2 638.9 68 56.7 1 ICE DAM 
1998 687.3 687.0 686.4 685.0 682.6 1 196-1 
ies, seeletas 687.4 booms 687.7 684.8 1 1962 
2000 687.4 688.4 69745 686.1 683.5 1 1963 
2001 Goo, 2 686.3 686.2 ae ehsieed bos © 1 1964 
2002 bie Ole slopes, eee a tees Beko) spool) 1 ICE DAM 
2003 687.0 688.0 687.5 607.0 684.5 1 1966 
2004 686.6 68855 688.1 686.8 Cta.4 1 1967 
2005 685.4 686.0 686.8 63555 634,2 1 1968 
2006 6:81.56 Gein Ghose 684.2 Cores 1 1969 
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Group Run A--Regulated with Ice Dam Every 6 Years 


eee ce ee ee ee ae ee eee 


Year Ecological Time Period Trap 
1 2 3 u 5 Code 
UE 684.5 686.0 687.0 686.0 684.0 0 
1972 6659 atekotee S: 692 a2 Goce s 685.7 1 
1973 G37. / 688.6 68960 yeni ees) Goes 1 
1974 685.4 686.0 686.8 635.5 684.2 1 
es, 684.1 684.1 E84 .4 DOG. DO 2reih 1 
1975 684.1 684, 1 684 .4 bos ss Ga2./ 1 
1977 687.6 GS lig orsiishay 684.2 Soe 1 
1978 Go Gre 683.5 Rice 2 688.9 CE5.7 1 
1979 685.4 686.0 686.8 Ce 684.2 1 
isyre iG) 685.4 686.0 686.8 (ahs res, 684.2 1 
1981 684.1 684. 1 €84.,4 os be BS! Coe cer 1 
9.52 GIO 7.16 687.2 Gono 684.2 652.5 1 
1983 684.1 684.1 E84 .4 (oils oe GeZ. | 1 
1984 620i 638.5 he Paes (sutsishan) 68 5.—) 1 
1985 684.6 685.4 otal a 686.0 Gasa0 1 
1986 684.1 684.1 684 .4 683.3 682 of 1 
1987 684.1 684.1 684 .4 tele haa 682.7 1 
1988 0776 bou we ‘etotarty 684.2 Coma. 1 
1989 684.1 684.1 €84 .4 c63.4 6375 1 
19280 686.5 6865.5 eee el eke Wee, fopelsirn! 1 
1991 686.06 688.5 580. | 686.8 683.9 1 
1992 685.4 636..0 686.8 (Sisley 684.2 1 
1993 684.1 684. 1 E84 .4 soe S! 652. 1 
1994 684.1 684.1 €84 .4 Goo 03 bOZ.d 1 
1995 685.4 686.0 686.8 COo.o 684.2 1 
1996 Helelges, Seis s O92. 2 (eastern) 605.7 1 
1997 Sheers] 685.4 686.9 686.6 eisars| 1 
1998 Gray Ths 63 7/50 686.4 BS.) 682.6 1 
1999 eteleiA | 687.4 688.55 Gis dat 684.8 1 
2000 687.4 688.4 [eke Maes 686.1 66S55 1 
2001 Sieh” 686. 3 Bool. 2 GiS6 <7 Coo. 1 
2002 686.5 688.5 GZ (echo ley, 695.7 1 
200s Oi lest 688.0 GB ie ols hens, 684.5 1 
2004 686.6 S6.5..0 688.1 686.8 683.9 1 
2005 685.4 686. 0 6865.8 685.5 684.2 1 
2006 6871.5 Seip ote be ewe epue 2 682.5 1 
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Year 


Used 


ICE DAM 
1965 
1968 
1970 
19760 
1965 
ICE DAM 
1968 
1968 
1.9770 
1969 
1S 
TCEeDAM 
Tot 
1970 
1998 
1368 
ghee so) 
ICE DAM 
1967 
1968 
1970 
1S 
1266 
ICE DAM 
1960 
1961 
1962 
963 
1964 
i CRECOLAM 
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Group Run A--Regulated with Ice Dam Every 7 Years 


Year Ecological Time Period Trap Year 
1 Z 3 4 5 Code Used 
ee Lancia le pate Nici ai parent pel of n= ee ee NOs ee a eae a 
aod | eer! bs] 686.0 667.0 686.0 684.0 0 he 
SI ee 686.5 688.5 Goetz CO. 665.7 1 ICE DAM 
oes GS Tio 688.6 609 3 68729 685.2 1 1965 
1974 685.4 686.90 686.8 605.0) 684.2 1 1968 
1975 684.1 684.1 684 .4 S333 Coe a 1 1970 
1976 684.1 6G lal €84.4 Gos es 682.7 1 1970 
aod 6 Bifi..0 68 TezZ Shee 684.2 S825 1 SKS) 
1973 684.1 684.1 €84.4 685.5 60. 7) 1 1970 
UA 686.5 608.5 G92s2 688.9 635.7 1 ICE DAM 
1980 685.4 686.0 686.8 O10 De 684.2 1 1968 
1981 684.1 684.1 684 .4 683755 1s FasL 1 1970 
1982 6.0 40 68 77.,2 685.9 684.2 GB255 1 1969 
1983 684.1 684.1 684 .4 68823 OSi2e7 1 1970 
1984 687.6 S87 ez 685.9 684.2 682.5 1 1969 
ile pele 684.6 685.4 Gi dee 686.0 685.9 i 1974 
1986 686.5 688.5 spe Pas 24 688.9 OCD <i, 1 ICE DAM 
Row 684.1 684.1 €84 .4 6.3355 6SiZcu 1 170 
1988 6876 tay Aa 635.9 684.2 G62Ze5 1 1969 
1989 684.1 684.1 684 .4 683.3 O8i2.e, 1 1970 
1990 684.1 684s 684 .4 683.3 ote, 1 1 1970 
1991 686.6 688.5 688.1 686.8 633.9 1 1967 
1992 685.4 686.0 686.8 685.5 684.2 1 1968 
no 33 686.0 688.25 69202 6oc.5 635.7 1 ICE DAM 
1994 684.1 684.1 E84 .4 C55.5 682.7 1 1970 
1995 685.4 686.0 686 .8 685.5 6Ss.2 1 1968 
1996 687 36 Gaee2 GO5 so 684.2 G62. 1 1969 
noo 60359 685.4 626.9 686.6 685.7 1 1960 
1998 687.9 607.0 686.4 685.0 682.6 1 1961 
1939 85.0 687.4 688.3 6877 684.8 1 1962 
2000 686.5 608.15 Coane 688.9 GES 1 ICE DAM 
2001 685.2 686.3 686.2 686.7 685.2 1 1964 
2002 687 aw 688.6 ke te pe ef 5, GG 3.2 1 (Shes, 
2003 687.0 688.0 68425 687.0 684.5 1 1966 
2004 686.6 688.5 688.1 686.8 632.9 1 1967 
2005 685.4 686.0 686 .8 635.0 684.2 1 1968 
2006 687.6 Coal aie 63520 684.2 68705 1 1969 
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Appendix 2. Continued. Average annual production, group run F. 


ee ee eee ee ee ee ee ee ES SS RD SD SS 


Average over 35 Years 


eo eee ee nee ee es eee 


Natural Regulated 


Habitat Acres 

Open Water SOF, 200 418,221 
Emergents Ze foe 147,697 
Duck Staging Habitat Sire 64, 156 
Mud Flats US) AOa es) To | 
Immature Fen LpPovde 365176 
Carex Meadow 45,974 Gry Uo 
Calamagrostis Meadow Sis eae 91,479 
Low Shrub thos adhe he 152,798 
Tall Shrub 10 fee Bi oo 
Deciduous Sig (ensyS) TIS, odo 
Shoreline Miles 

Perched Basins spells) Pers id les) 
Animal Numbers 

Dabblers Z\Sen lo Tao 259 
Divers Sa ee) 35 SO 
Ducks ZI O20 Dee, O30 
Muskrats (Spring) SO ,000 20,481 
Muskrats (Fall) Tile ee ed Wu ao 
GaLGeying Capacicy Muskrats ihitel ei eel 64,418 
Carrying Capacity Moose Sila 4,143 
Garrying Capacity Bison BIE f ela wo ee, 26,314 
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Appendix 2. Continued. Average annual production, group run Gil 
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Average over 7C Years 


eee eee er eee —— a ee oe ee eee 


Natural Regulated | 


ce ee ee ee ee ee ee 


Habitat Acres 


Le ee ee eg ee ee eee ee ee ee ee ee eee ee eee ame eee 


Open Water So yoo F 415,269 
Emergents LEW el eae 155,442 
Duck Staging Habitat (Fall) 54,368 60,426 
Mud Flats Leese 12,071 
Immature Fen 4,867 29,548 
Carex Meadow 34,009 41,948 
Calamagrostis Meadow Wolof A) 67,5937 
Low Shrub 83,413 97,065 
Tail Shrub 220,424 251,337 
Deciduous 242,352 341,439 
Shoreline Miles 

Perched Basins Dig 2,019 
Animal Numbers 

Dabblers 193,826 142,685 
Divers 83,461 80,655 
Ducks 211255 223,340 
Muskrats (Spring) 24,985 29,849 
Muskrats (Fall) 184,285 109,402 
Carrying Capacity Muskrats 94,831 54,846 
Carrying Capacity Moose ie Av 4,494 
Carrying Capacity Bison 24 334 23,092 
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pendix 2. Continued. 
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Capacity Bison 


Natural 


484,166 
210,201 
Silane lets, 
14,680 
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Say NS 
1S, 135 
eel p Raye 
226,205 
Nae he ed 34. 


5,447 


188,419 
92,474 
2807893 
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Zoi 
134,289 
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24,482 


O23 


406, 312 
154,363 
54,901 
11,448 
16,913 
44,735 
59,531 
99,962 
265,326 
353,393 
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141,169 
84,164 
225 9253 
35,436 
128,946 
58,887 

4,705 
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Average annual production, group run H. 
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Fig.5 
MAJOR HABITAT TYPES 


PEACE-ATHABASCA DELTA 
FALL 1970 


Open Water (includes submersed aquatic vegetation) 


Emergent Vegetation in Water 


Mud Flat (includes dwarf spikerush) 


Meadow and Immature Meadow 
(includes marsh species out of water) 


Low Shrubs 


Uae 


Tall Shrubs 


=) Mixed Forest and Rock Outcrops 


Produced by Mapping Gifice, Surveys Branch, Department of Highways and Transport, Edmonton, Alberta. 
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